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Abstract  
This thesis investigates new late Quaternary vegetation records from four sites 
in the Craven District of the Yorkshire Dales. The chosen sites fall along an 
east-west transect broadly following the line of the south Craven Fault.  The 
rationale for site selection was not based on conventional palynological 
considerations of potential for rich core samples, rather to provide a range of 
different locations within a distinct micro-region each existing in some specific 
proximity to known archaeological features. The logic was to attempt to get 
beyond broad ‘natural’ climatological and vegetational inferences to understand 
the nature and level of potential anthropogenically produced change at a local 
scale as a sub-set of natural change in a broader regional zone over time. The 
sites reveal varied vegetation histories from the Late Glacial period to the 
present day and all show signs of being influenced by changes in their arboreal 
structure at some time, although no two sites have exactly the same vegetation 
communities until around 5000 BP when the tree canopy is opened to allow an 
open grassland to dominate. The results indicate the possibility that Betula 
values, in particular, might indicate cooling events found in the Greenland ice 
cores for Greenland Interstadial 1 as well as the Pre-boreal Oscillation and the 
Holocene 9.3 ka BP Event. Closer chronological control of such values could 
help to determine whether vegetational dynamics were synchronous with 
fluctuations in temperature and the speed with which trees respond to severe 
temperature fluctuations. Various hiatuses identified during analysis of the cores 
may be caused by human influence on the wetlands, given that archaeological 
evidence from caves shows human occupation of the Craven area from the late 
Upper Palaeolithic onwards.   
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1. Introduction 
The Yorkshire Dales with its spectacular geomorphology of scoured 
limestone pavements, caves, shakeholes and aquifers, is unique in Britain. 
During the Pleistocene cold stages, the entire landscape of the Dales was 
scoured by ice sheets with the effects of the Devensian glaciation most 
conspicuous within present landforms (Gunn et al. 1998), leaving a topography 
cut into limestone (Waltham 1974).  
The current regional climate is best described as a ‘mild and wet’ and 
‘Marine West Coast climate’ (Waltham 1974 p. 19). The climate, together with 
the relief of the region, have strictly dictated its natural vegetation and farming 
patterns with farming on the high limestones ‘almost totally restricted’ to sheep 
grazing; more mixed farming characterizes the valley bottoms of the lower 
Dales (Waltham 1974 p. 21). 
As with all typical karst landscape, caves are a frequent feature. The caves 
in the south-west Yorkshire Dales are located in Carboniferous limestone and 
are at altitudes of 220-440 m and thus below the Holocene maximum for 
woodland biotopes (Hetherington et al. 2006). These caves have acted over 
time as loci in which deposits of both natural and cultural (or at least, humanly 
influenced and modified) materials, such as human and animal bones, artefacts 
and production residues, have accumulated.  
The archaeological cave resource in this region provides scope for 
significant insight into prehistoric land use and patterns, and cultural activities; 
but themselves cannot be easily understood through archaeology alone, in the 
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absence of base-line understanding of their environmental setting. One key aim 
in the establishment of the research programme reported on here was thus to 
identify some key sample locations in proximity to known archaeological cave 
sites in the limestone (although not all, see below re Rough Haw, and the 
archaeology of the Millstone Grit zone). 
The caves have yielded cultural remains spanning from the Upper 
Palaeolithic through to the Romano-British period (Denny 1860; Farrer 1865; 
Cuttriss 1897; King 1974), as well as Late Glacial and Holocene faunal remains 
(Hetherington et al. 2006; Lord et al. 2007). Nevertheless, the framework in 
which much of the archaeology was conducted until the last decade or so has 
not allowed a clear assessment of the importance of the caves as a whole. 
While some sites have been subject to multiple reports over the years (e.g. 
Victoria cave). Overall, the state of understanding remains unsynthesized. 
This situation is changing. This thesis, supported by a NERC ‘blue skies’ 
PhD studentship originally awarded to Prof Gavin Gilmore (now University of 
Kingston upon Thames), began by looking at contemporary aspects of the cave 
environment, notably radon production and dispersal, and through its integration 
with archaeological work funded by the Yorkshire Dales National Park authority 
and English Heritage under the direction of Dr Timothy Taylor (University of 
Bradford, Department of Archaeological Sciences [now University of Vienna]) 
and then in collaboration with Dr Graeme Swindles (University of Bradford, 
Department of Geography and Environmental Sciences [now University of 
Leeds, Geography]) developed into a palaeoenvironmental sampling 
programme specifically targeted at the unknowns of local, small scale, 
chronologically resolved characterization of vegetation and environment. 
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In addition to fieldwork during the 2005 season at Kinsey Cave, other on-
going work in the period which informed the background to the project included 
initiatives from individual cavers, such as John Thorp, and a major re-survey of 
the caves in the area by the North Craven Historical Research Group’s 
Giggleswick Scar project. Reanalysis of archival material of caves in the 
Giggleswick and Attermire Scar areas are currently ongoing and have produced 
a suite of radiocarbon dates, two of which, lynx (Lynx lynx) (Hetherington et al. 
2006) and brown bear (Ursus) (Lord et al. 2007), are dated contemporaneously 
between AD 420 and AD 610 making them the most recent dates for these 
species in the England, thus posing important questions about vegetation 
changes as woodland is the typical habitat for lynx (Hetherington et al. 2006) 
and the impacts of past human activity in the south-west Dales as the 
landscape at the present day is mainly open grassland.  
This thesis will address the Late Quaternary vegetation history of four sites 
along a transect roughly following the south Craven fault line in the south-west 
Yorkshire Dales. This research is based on a inter-disciplinary, multi-proxy 
investigation of past human impacts and activities on past environmental 
change focusing on the vegetation and environmental changes in the area 
using pollen analysis to attempt to assess the impacts on the environs by 
humans since the end of the Last Glacial Period and through the Holocene. 
This will be achieved by analysing a series of sediment cores from mires and 
drained lakes outside caves and other sites where actual or suspected 
archaeological evidence might be found as well as trying to asses how humans 
using the caves as shelters or for cultic activities, may be interacting with the 
outside environment. 
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The aims of this research are: 
1. To investigate the vegetation changes in the Yorkshire Dales during the late 
Quaternary period specifically to evaluate human impact on the landscape of 
the area. 
2. To assess Late glacial and Holocene climatic changes in this region. 
The following hypotheses are tested: 
1. Natural vegetation characteristics have been interrupted and modified by 
human activity over the past 12,000 years. 
2. Past climate variability including phases of rapid climate change is registered 
in palaeoenvironmental records from Yorkshire dales. 
A program of field work and laboratory investigation was therefore 
undertaken to address the questions outlined above. The results and 
interpretations of these investigations are presented in this thesis.  
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2. Background and Literature Review 
2.1 Introduction 
This chapter reviews the background of the project. First the subdivision, 
chronology and archaeology of the Pleistocene is discussed. This is followed by 
a review of the geology of the South-West Yorkshire Dales. There is then an 
assessment of pollen analysis and its use in palaeoenvironmental 
reconstruction followed by a review of cave formation processes and the nature 
of cave sediments, sedimentology and palynology. Finally, there is a brief 
review of archaeology in caves in the Yorkshire dales. The site description and 
the particular geology of each site will be addressed in Chapter Four at the 
beginning of the results for each site. 
2.2 The Pleistocene: its subdivisions and correlation 
The Quaternary period is the most recent subdivision of the geological 
record and together with the Tertiary forms the Cenozoic.  The Quaternary 
spans 2.6 million years (International Convention on Stratigraphy 2009) and 
consists of the Pleistocene and the Holocene epochs. The boundary between 
the Tertiary and the Quaternary is difficult to establish however, the 
International Commission on Stratigraphy (2009) ruled that the base of the 
Pleistocene be lowered to the start of the Gelasian Age at 2.588 ma.  
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2.2.1 The Early and Middle Pleistocene 
Palaeomagnetic and radiomagnetic data suggests that the duration of the 
British Isles Early Pleistocene was at least 800,000 years. However, because 
the Lower Pleistocene Crag sediments in East Anglia were deposited near to 
the edge of the southern North Sea, minor movements in base levels could 
have a marked effect sediment deposition leading to gaps in the succession of 
unknown spans of time as, although many erosion intervals are short, others 
may mark passages of tens, hundreds or thousands of years and may be 
responsible for either non-deposition or for the removal of sediments that may 
represent different climatic stages. However, Pleistocene sequences of the 
Norfolk and Suffolk coasts have provided sections enabling detailed studies for 
nearly 200 years (Preece et al. 2009).  
The Early and Early Middle Pleistocene is a period of intense 
palaeoenvironmental and climatic complexity caused by the increasing 
influence of the 100-kyr orbital forcing cycle (Lee et al. 2006) and has 
traditionally been identified by a series of climostratigraphic assemblages 
defined by pollen assemblage derived from organic material within fluviatile and 
marine sediments, although investigations of other biostratigraphy has resulted 
in changing the understanding of the timing of Quaternary events by correlation 
with stratigraphic schemes in the Netherlands (Rose et al. 2001).  It is now 
considered that the Cromerian Complex temperate stage is separated from the 
Pastonian temperate stage by a gap of c. 1 million years rather than following 
the Pastonian as the next interglacial separated by a singled cold stage (the 
Beestonian) there is also a significant time interval between the Cromerian 
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Complex stage and the Anglian glacial rather than a continuous succession 
(Rose et al. 2001). 
The Middle Pleistocene glacial stratigraphy of eastern England has recently 
been re-appraised (cf. Rose et al. 1999; Hamblin et al. 2000; Rose 2001; Lee et 
al. 2004; Lee et al. 2006; Preece et al. 2009) and a new model derived from 
sediments in the area, proposed that the region has been subjected to several 
glaciations in addition to the Anglian cold stage. Evidence from Leet Hill in 
eastern England found glacigenic material lain down by the Bytham River 
system in pre-Anglian terrace deposits and consisting of heavy minerals and 
erratic clasts and till clasts. The heavy minerals indicate changes from 
catchment sourced sediments to glacially sourced materials.  Detailed 
lithological analysis of the matrix and till clasts, shows they were laid down by 
ice of British provenance and not deposits, as previously thought, associated 
with Scandinavian ice sheets attributed to the Anglian age North Sea Drift 
Formation, but were derived from the Happisburgh Glaciation and correlates 
with Marine Oxygen Isotope Stages (MIS) dates the earliest of these glaciations 
to MIS 16 (ca. 630 ka) (Lee et al. 2004 p.1552).  
The last stage of the middle Pleistocene (Table 2.1) is the Anglian cold 
stage which is correlated to (MIS 12) whose age is ca 450,000 years BP. This 
stage is usually regarded as the equivalent to the Elster Glaciation in 
continental Europe (Jones and Keen 1973). Ice from the Anglian glaciation 
overrode the Bytham River, (Lee et al. 2004), the river system that drained 
central and eastern England and was most extensive during the Cromerian 
complex, as well as diverting the course of the River Thames (which was most 
extensive in the Early Pleistocene) to its present route (Rose et al. 1999).  
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The interpretation of the glacial sequence in eastern England poses 
problems when biostratigraphical evidence is considered. Organic sediments 
yield a rich fauna indicating a temperate climate. The interglacial of the 
Cromerian Complex were originally thought to immediately precede the Anglian 
Glaciation (see above). However, evidence for the expansion of the sequence 
comes from the study of water vole evolution as sediments in the later part of 
the sequence contain the vole Arvicola terrestris cantiana where as those from 
the early part of the system contain fossils of Mimomys savina which are now 
extinct (Preece 2006), while another vole, Mimomys pusillus was extremely rare 
in Britain and globally extinct by 650,000 BP (Stringer 2006).  
Prior to the Early Middle Pleistocene, no archaeology (as yet) exists in the 
British Isles. However, fluctuating climatic cycles in the Pleistocene have, 
through the influences of temperature and precipitation on fluviatile activity, 
driven the generation of river terraces. In Britain and the continental Europe, 
river terraces have, through artifactual evidence, provided the bulk of 
substantiation for the presence of Lower Palaeolithic hunter gatherers 
(Bridgland 2000). The following chronology is based on the work of Chris 
Stringer (2006) and ongoing research carried out by the Ancient Human 
Occupation of Britain (AHOB) project.  
The oldest archaeological sites found so far in the British Isles are at Norton 
Subcourse in Norfolk and Pakefield in Suffolk; both sites were probably on the 
Bytham River. Pollen analysis from Norton Subcourse reveals evidence of fen 
with reeds and alder and suggests the deposits are on an estuarine plain while 
the deposits at Pakefield have revealed flints and artefacts. Remains of the 
water vole Mimomys savina have been found at both sites and Mimomys 
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pusillus was also found at Pakefield. This and the stone tools suggest a date for 
the site of at least 700,000 BP (Stringer 2006, pp.74-75). 
Hand axes from the Early Middle Pleistocene sites have also been found at 
Happisburgh and Warren Hill whilst at High Lodge; Lower Palaeolithic tools 
were found in deposits overlying deposits from the Middle Pleistocene. It is 
thought that the sediments containing the Lower Palaeolithic artefacts 
originated in an interglacial lake or river deposit frozen in the Anglian glaciation 
and then deposit frozen in the Anglian ice and then moved across Norfolk in the 
glacial ice and deposited over the Middle Pleistocene deposits as erratics 
(Stringer 2006 p. 65). 
Fossils of Arvicola terrestris allow an estimated date of c. 50,000 BP for cut-
marked bones of a red deer found at Westbury in Somerset; again Arvicola 
fossils discovered in conjunction with well preserved hand axes along with the 
cut-marked bones of deer horse bison and rhinoceros were found at Boxgrove 
quarry near Chichester. The sequence is succeeded by indications of severe 
cold suggesting that Boxgrove belongs to an interglacial immediately preceding 
MIS 13 ca. 500,000 ka. Human remains of bone and teeth were also found at 
Boxgrove representing the earliest physical evidence of humans in the British 
Isles (Stringer 2006 p. 99).     
The last stage in the Middle Pleistocene is the Hoxnian Interglacial. 
Lacustrine deposits found in a kettle hole at Hoxne in Suffolk recorded a 
vegetation suite that was so well represented it became the type locality for the 
interglacial (Stringer 2006 p.129). The Hoxnian interglacial is thought to 
correlate with the Holsteinian interglacial in continental Europe and is correlated 
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to MIS 11 ca. 428,000 ka. On the basis of counts of laminated sediments at 
Marks Tey, the duration of the Hoxnian has been calculated at 40,000 ka. The 
end of the Hoxnian marks the transition from the Middle to the Upper 
Pleistocene.  
Archaeological deposits dating to the Hoxnian interglacial have been found 
in East Anglia and the south east of England. At Swanscombe in Kent, flake 
tools have been found in sandy silty deposits that represent an early stage in 
site formation. These artefacts appear to be based on an industry of flake tool 
making originally identified from Clacton-on-Sea in Essex. In the gravels above 
these deposits, a human female skull was found along with hand axes (Stringer 
2006). Hand axes were also found in the Hoxnian Interglacial at Foxhill road, 
Ipswich, Hoxne, Marks Tey, Essex and Clacton whilst at Beeches Pit near West 
Stowe Suffolk, hand axes and flint debris were found along with charcoal and 
the possible remains of a hearth. After the Hoxnian interglacial, humans do not 
appear to persist in the British Isles. Over the time span of the River Thames 
Middle Terraces (about 400.000-100,000 ka.), signals for human presence 
dramatically decreased and virtually vanished after 200,000 ka. (Stringer 2006 
pp. 128-140).  
2.2.2 The Upper Pleistocene 
The Wolstonian Cold stage was originally recognised in the English 
Midlands and subsequently identified in deposits from Yorkshire and northern 
East Anglia. This glacial episode is less well represented in the Pleistocene 
record and is broadly equivalent to MIS 10. Within the context of the North Sea 
Basin, comparisons made with glacial deposits from the Netherlands, 
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demonstrates the time-equivalence of the Wolstonian glaciation with the Saalian 
Drenthe sub-stage in the Netherlands.  
Although deposits at some places ascribed to the Wolstonian are thought by 
some to pre-date the stage, the Wolstonian has been repeatedly noted as 
critical in the establishment of the modern drainage system and landscape 
evolution of eastern England following both the Anglian Stage glaciation and the 
Hoxnian interglacial. The subsequent Ipswichian Stage interglacial sequences 
which occur at, or close to the modern floodplain level in river valleys 
throughout the region and confirm that the present drainage system was in 
place at the time (Gibbard et al. 2009).  
Traditionally, the Wolstonian period has been regarded as a single glacial 
stage. There is however, evidence that it included temperate episodes 
corresponding to MIS 9 and MIS 7 (Brandon and Sumbler 1988; Brandon and 
Sumbler 1991; Shreve 2001; Stringer 2006). There is no definite archaeology in 
the cold stage of MIS 10. However, archaeological evidence reappears at 
Purfleet in Essex during the warm period of MIS 9 c. 320,000 BP with 
occasional finds of stone tools consisting of flints and cores as well as hand 
axes. At the transition to MIS 8, a new type of stone technology was found 
called Prepared Core (also known as Levallois after the Paris suburb where it 
was first recognised) (Stringer 2006, p.144).  
During MIS 7 (c. 250,00-200,00 BP), human teeth –probably Neanderthal- 
were found along with hand axes, Prepared Cores and flakes and other small 
tools at Pontnewydd Cave in North Wales. Prepared Core tools were also found 
at West Thurrock and at Aveley, both in Essex as and a few stone tools were 
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found at Stanton Harcourt in Oxfordshire. Some Prepared Core tools were also 
found at Crayford in Kent from the start of MIS 6 (Stringer 2006 pp. 153-156).  
Following the Wolstonian Cold Stage is the Ipswichian Interglacial with the 
type site established at Bobbitshole near Ipswich. However, as no site in the 
British Isles has been found that has extended to all its substages, clear 
recognition of the Ipswichian as an interglacial has been hampered. There is, 
however, evidence for the existence of an interglacial climate between 
c.135,000 -115,000 BP (cf. Currant and Jacobi 2001; Schreve 2001; Shackleton 
et al. 2002; Shackleton et al. 2003), which would correlate the temperate stage 
with the Dutch Eemian substage of MIS 5e (Shackleton et al. 2002; Shackleton 
et al. 2003). As yet, no human archaeology has been dated to substage MIS 5e, 
although a distinctive combination of mammalian remains named the Joint 
Mitnor Cave mammal assemblage zone after a site in Devon has been 
assigned to this substage (Currant and Jacobi 2001; Shreve 2001). Remains 
from this assemblage type were excavated at Kirkdale Cave in North Yorkshire, 
while at Victoria Cave, also in North Yorkshire, hippopotamus bones from this 
assemblage zone encased in flowstone were dated to c.120,000 BP (Gascoyne 
et al. 1981, Currant and Jacobi 2001, Shreve 2001, Stringer 2006).   
After the thermal maximum of MIS 5e, two significant climatic deteriorations 
are recorded in the marine isotope cores (Lowe and Walker 1997 p.330). The 
first of these occurs at the boundary of MIS substage 5e and 5d c. 115,000 BP. 
This is followed by a climate amelioration c. 100,000 BP (MIS 5c). Another 
period of cooling occurs c. 90,000 BP (MIS 5b), again followed by an 
ameliorating climate c. 80,000(MIS 5a) then an abrupt cold period with 
significant cooling from c. 80,000 to between 70,000 and 65,000 BP (the 
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transition between MIS 5 and MIS4) (Jones and Keen 1993 p.143) at the start 
of the Devensian cold stage spanning MIS 4-2 (Lowe and Walker 1998) when 
hand axes, probably Neanderthal, were found at Lynford in Norfolk (Stringer 
2006). The Devensian Cold Stage correlates with the Weichselian Cold Stage 
of the Netherlands and is divided into Early (pre- 50,000 BP), Middle (50,000-
26,000 BP) and Late (26,000-10,000 BP) with the type locality designated as 
Four Ashes in Staffordshire (Jones and Keen 1993). Human remains of a (Cro-
Magnon) skeleton were found at Goats Hole Cave (Paviland) on the Gower 
Peninsula in South Wales. The remains were dated to 27,000 BP, coinciding 
with the start of the Last Glacial Period (Stringer 2006).  
2.2.3 The Last Glacial Period 
The end of the Last Cold Stage (the Last Termination or the Late-glacial 
period) to the present (Holocene) Interglacial, spans a time interval from 
approximately 15,000 to 10,000 14C yr BP or 18.0-11.5 ka cal BP. (Walker et al. 
1999) and the rapid climate shifts of interstadial/stadial amplitude that occurred 
during the Late-glacial, are reflected in a range of environmental data (Walker et 
al. 2003).  
The timing of the stages of interval was established on the basis of 
palaeobotanical and lithological evidence gathered from lake sequences in 
North West Europe (Björk et al. 1998, Walker et al. 1999). Although there is no 
internationally acknowledged Late Glacial type section, the initial intervals of 
sediment accumulation have been called the Bölling – Allerød interval (derived 
from sites in Denmark where the deposits were first described) and consist of 
two warm phases, with short lived cold phases – the Older and Younger Dryas 
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between and at the end of them. These phases were used on the basis of cold 
climate sediments or vegetational evidence (Walker 1999) and following the 
nomenclature for pollen zonation of Jessen (1935).  
As pollen zones were considered to be time synchronous and to reflect 
particular climatic events based on radiocarbon years (Björk et al. 1998), 
Mangerud (1975) proposed using the pollen zonation of Jessen as part of a 
common chronostratigraphical classification of the Late Weichselian (Late 
Devensian). This led to what had originated as bio-stratigraphic classification, 
being extended to include elements of both climostratigraphy and 
chronostratigraphy which created both a lack of clarity and ambiguity in 
stratigraphic usage (Björk et al. 1998).  
However, because the chronostratigraphy proposed by Mangerud et al is 
based solely on radiocarbon dating, problems arise from temporal variations in 
atmospheric 14C concentrations. This means that the key chronozone 
boundaries and in particular the beginning and end of the Younger Dryas, are 
difficult to date precisely because they occur within ‘radiocarbon plateau’ of near 
constant 14C age. 
An alternative approach to the classification and sub-division of the Last 
Termination in the North Atlantic record has proposed that they be related to an 
event stratigraphy that is based on the Greenland ice-core records. These 
events are short-lived occurrences which have left traces in the geological 
record and can therefore be used as a basis for correlation. These events 
include volcanic eruptions, earthquakes, glacier margin oscillations floods, 
storms, mass movements, climatic events and sea level changes and can be 
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interpreted from evidence in the rock/sediment record (Björk et al. 1998; Walker 
et al. 1999; Lowe et al. 2001). 
2.2.4 Late Devensian-Early Holocene 
At the end of the Late Glacial Period, Human remains dated between 
14,950 and 14,750 BP, were found at Gough’s Cave in the Cheddar Gorge – 
probably the most significant Late Upper Palaeolithic site in Britain (Stringer 
2006; Jacobi and Higham 2009). Some of the skulls had cut marks made by flint 
knives suggesting butchery (Stringer 2006). 
Stone tools found at Gough’s Cave resemble artefacts found at Kent’s 
Cavern Devon and Robin Hoods Cave at Creswell Crags. Also from Creswell 
Crags were engravings of human figures on rib bones found at Robin Hood 
Cave and Pin Hole Cave and cave art dated to 13,000 BP by uranium series 
dating of flow stone was found at Robin Hood Cave, Pin Hole Cave and Mother 
Grundy’s Parlour (Stringer 2006). 
2.3 Geological research in the South-West Yorkshire Dales 
Research into the geology of the South-West Yorkshire Dales began in the 
Nineteenth Century. Goodchild (1875) investigated glacial phenomena from the 
Last Glaciation in the Yorkshire Dales as part of the geological survey of the 
area. He concluded that the whole district was once covered by an ice sheet 
extending from the Lake District to the Yorkshire Dales with the ice to the north 
draining east towards the North Sea and the southern ice draining drained into 
Lancashire and West Yorkshire. 
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The research of Goodchild (1875) and others formed part of the Memoirs of 
the geological survey by Dakyns et al. (1890). Garwood and Goodyear (1924) 
investigated the rocks of the Lower Carboniferous around Settle and the Craven 
Faults, postulated a general tectonic movement from south-east with the 
greatest lateral displacement greatest along the margins of the South Craven 
fault. 
Wager (1931), looked at the jointing in the Great Scar Limestone in the 
Craven district. He discovered that the joints are shear fractures at which fall 
right angles to each other and are constant in direction. He also concluded that 
the joints were produced in the interval between the coal measures and the 
Permian and that horizontal movement along the joints has caused local 
modifications of the joint direction in the neighbourhood of the faults. 
Schwarzacher (1958) investigated the Great Scar Limestone near Settle. He 
found pronounced master bedding planes divided into lithological cycles which 
he traced from section to section. He also discovered fossil concentrations near 
the bedding planes recorded increased palaeo-current activity, and that the 
regularity of occurrence of the bedding planes suggested a climatic rather than 
tectonic control of the cycles.   
2.4 Geology of the South-west Dales 
Lower Carboniferous Limestones are topographically prominent over much 
of north-west England culminating where the Great scar Limestone facies (or 
Askrigg Block), forms the high plateaux of the Ingleborough-Malham region 
(Waltham 1974 a). The southern and western margins of the Askrigg Block are 
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bounded by the Craven and Dent faults and these, along with the watershed to 
Wensleydale and Nidderdale to the north and east, are therefore taken as limits 
of the area. The majority of the hills in the south-west Yorkshire Dales that are 
over 420m above sea level (asl), are formed from facies of the Yoredale series 
(consisting of alternations of limestones and siliclasts (Arthurton et al. (1988), 
and millstone grit, both of which overlie the limestone (Waltham, 1974). The 
main study areas for this thesis are confined to the south and west along the 
south and middle Craven faults with the exception of Rough Haw in Flasby Fell 
which is on an outlier of Grassington Grit (Arthurton et al. (1988).  
The geological succession described below is the geology of the southern 
part of the Askrigg Block and is based mainly on the work of Arthurton et al. 
(Table 2.2) (1988). 
The lowest rocks in the geological column in the Askrigg Block are from the 
Lower Palaeozoic. These are Ordovician and Silurian slates and coarse 
sandstones of the Ingleton group: consisting of turbiditic sandstones and 
conglomerates. These are overlain by the Norber Formation consisting of 
calcareous siltstones and argillaceous limestones, overlain by the siltstones and 
mudstones, sandstones and conglomerates of the Sowerthwaite Formation that 
make up the Coniston Limestone Group (Arthurton et al. (1988: p.6). The rocks 
of the Lower Paleozoic outcrop as inliers along its southern margin (Arthurton et 
al. (1988), and are exposed where the deeper valleys cross the craven faults 
(Waltham 1974 a). 
The rocks of the Lower Palaeozoic are uncomfortably overlain by the 
Dinantian strata of the Carboniferous Series rocks (Arthurton et al. (1988: p.18). 
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These rocks, up to 500 m thick, form a largely flat lying succession of 
predominantly carbonate rocks and consist of:  
The Stockdale Farm Formation. Characterised by alternating sandstones, 
siltstones, mudstones and thin limestones (Arthurton et al. 1988: p.21). This is 
overlain by the limestones, conglomerates, dolomites and siltstones of the 
Chapel House Limestone which, in turn, is overlain by the Kilnsey Formation 
consisting of well bedded muddy limestones that occurs as both a series of 
inliers and as a discontinuous outcrop that borders the Lower Palaeozoic 
Craven inliers. This is overlain by the Malham formation comprising of thick 
bedded to massive limestones. This formation includes the Gordale limestone 
and the Cove as well as marginal reef limestones. The Malham Formation is, in 
turn, overlain by part of the Wensleydale Group, the Dinantian strata of the 
Yoredale facies and consists of alternating limestones and siliclastics 
(mudstones, siltstones and sandstones outcropping in a number of outliers to 
the north of the North Craven Fault, whilst between the North and the Middle 
Craven faults, separate outcrops occur near Feizor (Arthurton et al 1988).  
The Dinantian Lower Carboniferous Limestone Series is overlain by The 
Millstone Grit Series (Namurian) of the Upper Carboniferous. This consists of 
pebbly, coarse grained sandstone as well as some Westphalian Coal Measures 
to the west (Arthurton et al. (1988: p.71). The Millstone Grit Series outcrops 
along much of the Craven Reef Belt between Settle and Malham as well as on 
Flasby Fell to the southeast.  
It is thought that the last glaciation c 26-10 ka BP (Before Present), was so 
intense that it destroyed almost all evidence of earlier Pleistocene events with 
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the exception of sediment deposits in Victoria Cave although other pre-
Devensian deposits may remain undetected (Arthurton et al. (1988: p.88), 
although according to Sweeting (1974) there are indications of two types of 
sediment. The older till is sandier and only found in a few relatively protected 
locations like the terminal moraine at the south end of Kingsdale whereas the 
newer till is the characteristic till of this part of the Pennines, i.e. stonier and with 
prominent relief forms covering almost all the region except where the rock is 
bare (Sweeting 1974).  
2.5 Pollen Analysis 
The analysis of the pollen content of sediment samples is the principle 
technique used for determining the response of vegetation to past terrestrial 
environmental change and was used initially as a method for investigating past 
climatic changes (Bennett and Willis, 2001; Moore and Webb, 1978: p.2). More 
recently the importance for changes in vegetation by human impacts,  
successional changes and other biotic and abiotic factors have been 
recognised. However, pollen analysis can be used to examine these factors 
although separating them remains difficult (Bennett and Willis, 2001). 
The name palynology was coined by H.A. Hyde and J.A. Williams in 1944 
(Brown 1960), and is a technique that obtains information in the form of 
numerical data resulting from the counts of various pollen and spore types 
present in a stratigraphical series of sediment samples (Coles et al. 1989). 
These are produced by higher plants (Angiosperms and Gymnosperms) and the 
spores of lower plants e.g. Pteridophytes and Bryophytes (Moore and Webb, 
1978; Dincauze 2000).  The pollen counts are expressed as percentages or 
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pollen concentration. Palynology is concerned with both the structure and 
formation of pollen grains as with their deposition and preservation under 
certain environmental conditions (Moore and Webb, 1978: p.1). 
Pollen grains and spores are plant parts found in angiosperms and 
gymnosperms (Bennett and Willis 2001), and are morphologically diverse 
because of variations in exine structure, aperture and sculpture. Most grains are 
elliptical, spherical saccate or fenestrate and vary in diameter between 10μm to 
100μm (Bennett and Willis 2001: p.5). The symmetry of the apertures and other 
structural characteristics are related to the mechanism of pollen cell formation 
from the mother cell by meiosis. The outer walls of pollen grains have different 
shapes and patterns depending on the taxon (Bennett and Willis 2001). These 
shapes may be apertures may be furrows or pores or a combination of both 
(Mannion 1980; Faegeri and Iversen 1975), making it possible to identify grains 
to the plant type from which they originated (Bennett and Willis 2001).  Pollen 
grains of the higher plants usually consist of three concentric layers. The central 
part is the living cell which contains the male gametes, the middle layer is the 
intine which consists of cellulose and the outer layer is the exine which is 
composed of a very resistant polymer called sporopollenin (Moore and Webb 
1978; Dincauze 2000; Bennett and Willis 2001; O’Connor and Evans 2005). 
Sporopollenin is resistant to most forms of chemical and physical degradation 
except oxidation. This has the important consequence that pollen may be 
indefinitely preserved in anaerobic conditions (Bennett and Willis 2001; 
O’Connor and Evans 2005). The exine of Angiosperm and Gymnosperm pollen 
usually has two layers separated by collumellae. Pteridophyte and Bryophyte 
spores are different, having no columellae and walls that are often laminated 
(Faegeri and Iversen 1975; Mannion 1980). 
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Pollen grains and spores are adapted for dispersal by a variety of means 
(Dincauze 2000; O’Connor and Evans 2005), as different plant taxa disperse 
pollen in different ways (Bennett and Willis 2001). Some are adapted for 
dispersal by animals (Dincauze 2000), while others have means of attracting 
insects and other vectors in order that they will transport pollen from one flower 
to another (O’Connor and Evans 2005). Whilst other species of plants, 
especially trees, release huge amounts of pollen which can be transported long 
distances by air currents (Dincauze 2000; Bennett and Willis 2001; O’Connor 
and Evans 2005). Pollen can also be introduced from plants growing within the 
catchment area of streams (O’Connor and Evans 2005). These streams pick up 
the pollen during flood events and transport it into mires, bogs and lakes 
(O’Connor and Evans 2005) whilst the pollen of some aquatic plants spread 
exclusively under water (Dincauze 2000: p.334). 
The first observations of fossil pollen grains were made by Goepert in 1836 
and Ehrenberg in 1838 from pre - Quaternary deposits (Mannion 1980). These 
observations were later refined by Von Post in 1916 when he presented the first 
modern percentage pollen analysis (Mannion 1980; Faegeri and Iversen 1975), 
using a scheme of post glacial climate structures that were constructed from 
Scandinavian peat bog records by Scandinavian botanists Axel Blytt and Rutger 
Sernander in the late nineteenth century to divide the Holocene into five periods 
(Table 2.3) (Lowe and Walker 1997). The periods were based on marked 
stratigraphic changes in peat bogs which were considered to reflect regional 
climate changes (Lowe and Walker 1997).  
Pollen analysis was first developed as a research tool for studying British 
vegetation history by Harry Godwin in 1940 (Atherden 1999: p.137). By looking 
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at pollen diagrams from southern England, Godwin used changes in proportions 
of tree pollen as a base for the division of the late and post glacial periods into 
eight zones that were correlated to the climatic changes recognized by Blytt and 
Sernander (Atherden 1999: p.137). The chronology of these zones was later 
established using radiocarbon dating (Table 2.3) (Atherden 1999: p.137).   
2.5.1 Non-pollen Palynomorphs  
As well as pollen grains, microfossils of various origins are often preserved 
in pollen preparations and may be viewed on the pollen slides (van Geel 2001). 
The most common are algal and fungal spores, spherulate carbonaceous 
particles (SCPs) and fragments of microscopic charcoal all of which may be 
used in palaeoecological investigations. These are commonly termed Non-
pollen Palynomorphs or NPP’s and will be discussed separately in the sub-
sections below.  
Each sub-section will contain a general overview and a short literature 
review.  
2.5.2 Algal and fungal spores 
Algal and fungal spores are common in Quaternary deposits and so are 
often encountered during routine pollen analysis especially in lake sediments, 
peats and mires (Lowe and Walker 1997; van Geel et al. 2003). Research by 
van Geel and various co-workers (see brief review below) has found that algal 
spores can provide a proxy for water quality and mean summer temperatures 
whilst fungal spores can be used to indicate vegetation development, fire 
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disturbance (Innes and Blackford 2003) and palaeoclimatic reconstruction 
(Yeloff et al. 2007).                                                                                                                   
Van Geel (1976), investigating a ditch fill from a Bronze-age settlement in 
Hoogkarspel in The Netherlands found from observing zygospores of 
Zygnemataceae that it was possible gain an impression of the ditches at their 
time of use; while van Geel (1978) analysed a Holocene peat section from 
Engbertdijksveen in The Netherlands at centimetre intervals to obtain 
information of local vegetation and animal succession and regional changes in 
prevailing vegetation.  
Pals et al. (1980), investigated a brackish eutrophic lake near Hoogskarspel 
for pollen, spores, algae, fungal remains and diatoms and macrofossils to 
provide information about regional and local vegetational development while 
van Geel et al. (1980/81), analysed a section more than 3m deep from 
Denekamp in The Netherlands which included part of the Younger Dryas and 
most of the Holocene in which they recorded new microfossils of fungi and 
algae.  
Van Geel, et al. (1982/1983), examined a late Holocene lake and peat 
deposit with a hypothesis that abandoned Bronze Age settlements in west 
Friesland were caused by a rise in the water table. They used algal spores to 
indicate lake trophic levels and alkalinity and van Geel, et al. (1989), carried out 
detailed analysis of a Late Glacial type section at Usselo that spans most of the 
Late Glacial stratigraphic succession in the Netherlands. They found Gloetrichia 
type blue green algae played a pioneer role by their ability to fix nitrogen and 
create favourable conditions for other plants. 
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Innes & Blackford (2003), using pollen, charcoal and fungal analysis to 
provide evidence of a fire disturbance episode of woodland within the Late 
Mesolithic, found that fungal growth is stimulated after woodland fires at North 
Gill on the North York Moors. 
Van Geel & Aptroot (2006) detected the remains of ascospores during 
palynological studies of lake samples peat deposits and archaeological sites. 
They postulate that ascospore remains may sometimes give indications about 
palaeohabitat.  
Yeloff et al. (2007), investigated the potential of fungi in ombrotrophic peat 
deposits at Butterburn Flow in the north of England and Lille Vildmose in 
Denmark in order to assess palaeoclimate reconstruction. 
2.5.3 Spheroidal Carbonaceous Particles 
Spheroidal carbonaceous particles (SCPs) are the product of incomplete 
combustion of the pulverised coal fragment or oil droplets (Wik and Renberg 
1991; Rose, Harlock and Appleby 1999; Yang et. al 2001) and are produced by 
the high temperature combustion of fossil fuels and are the product of 
introduced to the furnace (Rose, Harlock and Appleby 1999). SCPs usually 
have diameters of between 2-20μm although close to their source of production, 
they can be as large as 50μm (Rose, Juggins and Watt 1999) and can be 
transported long distances in the atmosphere and deposited in remote areas 
(Yang et al. 2001).  
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The accumulation of lake sediments can store a record of atmospheric 
pollutants that are deposited on to the lake and its catchment including SCPs. 
These began to be deposited around the middle of the nineteenth century and 
were due to the increase of coal burning in the Industrial Revolution. The 
concentrations rose steadily through the late nineteenth and early twentieth 
centuries until the end of the Second World War when an increase in oil 
consumption caused a sharp increase in particle concentration. A further 
concentration peak occurred around 1970, followed by a general decline in 
particle concentrations (Rose et al.1995). 
Wik and Renberg (1991) tested the hypothesis that Spheroidal 
Carbonaceous Particles (SCP) emitted from the combustion of oil and coal 
could be used as a marker for the distribution of recent sediment in lake basins. 
Research by Rose et al. (1995) found once the SCP record from a region has 
been established using accurately dated cores, SCP profiles can then be used 
to determine dates at other sites in the region.  
Rose et al. (1995) described the SCP profiles from ten sediment cores 
taken from deep water in Loch Corrie nan Arr in north-west Scotland. They 
found considerable variation between the cores but the conversion of SCP 
concentrations to cumulative percentages resolved a great deal of the variation 
so that more accurate cross-correlation is possible. They concluded that SCP 
profiles from single cores taken from the deepest part of a lake can provide an 
accurate representation of the historical record. 
Rose et al. (1999) described the development of a technique to characterise 
carbonaceous fly ash particles produced from five major European fuel types. 
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They found that spatial trends in fuel types showed good agreement with known 
emission sources but absolute percentages were low in all countries due to high 
allocations to the “coal” fuel type. They though these high coal values are due to 
mineral particles surviving the acid pre-treatment but say the results can still be 
used to determine sources of pollutant deposition, whilst Yang, Rose and 
Batterbee (2001) took peat cores from Lochnagar in Scotland and found that as 
movement of SCPs is insignificant, the peats can be used as an archive for 
reconstructing historical records of SCP distribution. 
Recently, studies have used SCPs to provide a chronological control in 
comparisons of peatland palaeohydrological records with climate records for the 
past ~ 200 years (Swindles and Roe 2006) while Blundell et al. (2008) have 
used SCPs as well as AMS radiocarbon dates for two new peat based climate 
records from sites in Ireland to provide a chronological framework for bog 
surface wetness (BSW) records at both sites. 
2.5.4 Microscopic Charcoal 
Charcoal particles in pollen slides are often abundant (Finsinger and Tinner 
2005) and the presentation of charcoal abundances are an important part of 
palaeoecological studies as well as being the primary evidence from which 
reconstructions of past fire history are made (Innes and Simmons 2000). 
Studies of sedimentary microscopic charcoal in lacustrine environments have 
frequently involved a valuable methodological content when known fire histories 
have been compared with fossil charcoal records (Edwards and Whittington 
2000) although evidence for anthropogenically induced burning in the 
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palaeoenvironmental record is not always easy to detect, for some fires must 
have been naturally caused (Bell and Walker 1993). 
Pitkänen and Huttunen (1999) examined the charcoal and pollen 
stratigraphy of annually laminated lake sediments in Eastern Finland and found 
that it covered a span of 1300 years. They found a fire interval was about 85 
years and that the abundance of the smallest charcoal particles suggested an 
increase in burning in large regions during warmer climatic periods. 
Innes and Simmons (2000) found that small peat mires are a favourable 
medium for the preservation of charcoal records that can be correlated with past 
fire history. They found most micro-charcoal is generated locally and deposited 
close to its source and that fine resolution sampling can resolve major phases 
of burning into sub phases that may reflect the effects of individual fires at a 
temporal scale. 
Edwards and Whittington (2000) considered the use of relative and absolute 
measures of charcoal depiction as a prelude to discussions of microcharcoal 
taphonomy for fire ecology and the impacts of humans within the context of a 
small lake. Moore (2000) postulated that microscopic charcoal is an essential 
tool in palaeoenvironmental reconstructions informing on fire histories and 
cycles, vegetative response to fire, climate change and human manipulation of 
the environment 
Whitehouse (2000) looked at the role of fire on a Pinus mire ecosystem by 
focussing on palaeoentomological investigations of a burnt fossil forest whilst 
37 
Mason (2000) investigated the role of fire in manipulating the supply of acorns 
as a food resource in the Mesolithic. 
Innes, Blackford and Simmons (2004) presented microcharcoal data 
covering the millennium preceding the Ulmus decline, from North Gill in the 
North York Moors. They found that major trends and frequency peaks and 
troughs between two profiles corresponded well and suggested that 
microcharcoal records from small peat mires have a fine spatial integrity and 
Finsinger and Tinner (2005) analysed the reliability of estimated charcoal 
concentrations using simulated low to high count samples, while Willis, Bennett 
and Haberle (2008) investigated climatic oscillations over a time scale of 1500 
years by looking at charcoal records for cycles of vegetation burning.                                    
2.6 Cave Archaeology in the Yorkshire Dales 
2.6.1 Victoria cave 
One of the first people to explore the caves of the Craven area was Denny 
(1860). He describes the rocks of Craven as “containing numerous caverns and 
fissures” of which “the most accessible is Victoria Cave”. A cave which he 
surmises as having three entrances two of which were partially blocked by 
debris. He says the descent into the cave was difficult: “having first entering by 
step fissure, you then had a crawl through a low narrow passage into a 
chamber in which you can scarcely stand upright followed by another crawl into 
a lofty cavern”. The floor of this cavern is covered by stalagmite and clay with 
fallen limestone blocks from the roof. Another crawl allows entrance to a second 
chamber where bones of cave tiger, European bear, badger, hyena, fox, water 
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rat, wild boar, short horned ox, horse were found (Denny, 1860).  The 
commencement of large-scale excavations at Victoria Cave was in the early 
1870 by William Boyd Dawkins and carried on until the end of the decade (Lord 
et al. 2007).  
Murphy and Lord (2003), after re-examination of the laminated clays which 
overly the Ipswichian strata in Victoria cave of Tiddeman (1876) (in Murphy and 
Lord, 2003) suggested, using grain size analysis, mineralogy and the fact that 
the sediments follow the contours of the cave passage, that the sediments are a 
cave interior deposit as opposed to proglacial deposit because, they say, the 
sediments predate the second phase of the Late Glacial Interstadial. They also 
suggest that the depositional sequence outside the cave mouth shows the area 
was glaciated and the exposed to periglacial weathering.  
2.6.2 Dowkabottom  cave 
Denny (1860), was also one of the first people to explore Dowkabottom 
cave in Littondale (SD 9517 6890). His account of the exploration says that “the 
greater part of the floor covered with loam charcoal ashes mixed in with bones, 
soft stalagmite and clay”. In the first chamber he found a layer of charcoal 
ashes almost 2 ft thick contained fragments of a bronze fibula which was found 
under some large stones. Later in the same place, the remains of three human 
skeletons were found “laid in the bed of clay about a foot deep (Denny 1860). 
Under this deposit, a layer of soft stalagmite was encountered below which 
were “several skulls and bones of wolf and goat and, also, the horns of a deer.” 
Also found were: in the loamy soil; fragments of skulls, jaws and bones of Ox, 
sheep and goats, teeth and bones of horse, skulls of wild boar, parts of the 
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horns of red deer, parts of human femur, tibia and fibula along with part of a 
pelvis, a spear head, a bone pin, fragments of Roman Samian ware and part of 
an amber ring. In the clay deposit, jaws and skulls of canines were found. In the 
soft stalagmite; skulls and jaws of canines, fox and wolf, and resting on the 
floor, the parietal bones of a human skull. A further excavation by Farrer (1865), 
found two kinds of pottery, one of a coarse black earth and one of Samian ware, 
along with a bone needle in a deposit of broken stones, earth and charcoal in 
the western chamber. Below this deposit he found, underneath another clay 
deposit, bones and antlers of red deer along with parts of skull and bones of ox, 
roebuck, dog, fox and an almost complete skeleton of another red deer. On the 
same level a child’s grave was discovered containing a skeleton. In the east 
chamber, Farrer (1865) found a brass Roman coin of Antonius Pius along with 
part of an iron hook and ring and a small flint implement. The bones of red deer 
were also found in the cave 
2.6.3 Kinsey Cave 
Kinsey Cave was excavated between 1925 and 1931 by W.K. Mattinson 
(Lord et al. 2007). Mattinson cut a trench through talus deposits blocking the 
cave entrance to gain easy access to the main cave chamber. Mattinson also 
cut a section through deposits to a gravelly diamicton suggestive of formation 
by glacial transportation (Lord et al. 2007). A human mandible found by 
Mattinson inside the cave and curated by the Lord Cave Archive, has recently 
been AMS 14C dated and found to be of Early Neolithic age (Lord et al. 2007). 
The excavations at Kinsey during the1920s and 1930s also yielded a mandible 
and post cranial limb bones from an adult lynx (Hetherington et al. 2006), 
yielded calibrated radiocarbon dates of  AD 452 to AD 600. 
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Threat-led fieldwork at Kinsey Cave in 2005 funded by English Heritage (so 
far unpublished), led by the universities of Bradford and York, yielded a suite of 
radiocarbon dates from human and animal bones indicating a significant period 
of depositional activity from the Neolithic to the Early Bronze Age with the 
exception of a brown bear (Ursus arctos) cervical vertebrae with a date of AD 
420-610 (Taylor 2006; Taylor 2007). 
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3. Pollen analysis in the north of England 
3.1 Introduction 
This chapter reviews palynological analyses in the North of England. The 
chapter is divided into two sections. Firstly, pollen analysis at sites in the 
Yorkshire Dales are discussed in detail, followed by a selective examination of 
pollen analyses in the rest of Northern England. Because of the vast body of 
work in this subject, the southernmost geographical boundary of this review will 
be the lower boundary of the Yorkshire Dales National Park. 
None of the sites discussed in this chapter have been visited by the author 
therefore no provision is made for modern vegetation studies at these sites. 
Likewise, the nomenclature used in this chapter is the name system used in the 
reviewed papers and may not reflect recent nomenclatural changes outlined in 
Bennett et al. (1994). All pollen percentages expressed in this chapter are 
approximations taken from the pollen diagrams discussed and are the individual 
species’ highest amount for each pollen zone. Some of the diagrams used 
multiple scales making percentages hard to determine. 
3.2 Pollen analysis in the Yorkshire Dales 
There have been several pollen analytical studies in the Yorkshire Dales. 
With Walker (1955b) being one of the first. He examined organic deposits both 
underlying and overlying soliflucted material at Lunds near Mallerstang Edge in 
the upper Ure valley. Using Godwin’s pollen zones (see Table 2.3). He 
produced a pollen diagram from below the soliflucted deposits which showed 
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that the region is dominated by herbaceous vegetation with Cyperaceae pollen 
values ranging from 46% to 77%, Gramineae values from 10% to 27% and 
Filipendula values up to 33%. He reported woodland encroachment from the 
lowlands towards the middle of the Godwin zone II with Betula values 
increasing to 23% and Salix values up to 14%. Walker (155b) also expressed a 
certainty that that the Godwin Zones I, II and III were represented at the site 
thus covering a time period from the end of the Older Dryas up to and including, 
the Younger Dryas. 
3.2.1 Malham Tarn Area 
Piggott and Piggott cored Malham Tarn in three transects (Piggott and 
Piggott, 1963). They found that the central part of Tarn Moss consisted of over 
10 m of peat, marl and clay which they interpret as representing continuous 
accumulation since the early Late Glacial; whilst c. 6 m of marl and clay lay 
beneath the Tarn. Using the zonation of Godwin (1975 – see Table 2.3), their 
lowest assemblage (Zone I), contains occasional pollen grains of Pinus, 
Juniperus, Artemisia and Helianthemum. Zone II, contains an assemblage 
dominated by Juniperus (up to 60%), with Pinus (10%) and Betula (10%) with 
Artemisia, Rumex and Helianthemum (up to 5% each). Salix is seen at the base 
and from the middle to the top of the zone. In Zone III, Betula (up to 70%) 
becomes the dominant arboreal species. The pollen of Salix (up to15%), 
Armeria, Campanula, Ephedra, Hippophäe, Poterium sanguisorba (all up to 5%) 
and the spores of Cystopteris, Lycopodium selago and Selaginella (all c. 1%) 
were identified.  
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In Zone IV, Corylus (up to 60%) suddenly rises while Betula (c. 80%) starts 
to fall although it still dominates the zone. Pinus (up to 20%) also rises and 
Quercus and Ulmus appear. Salix and Juniperus (c. 3%) are also seen. Pigott 
and Pigott report that Zone V was not represented at Tarn Moss. During Zone 
VI, Pinus (60%) dominates the tree pollen with Ulmus (20%), Corylus (10%) and 
Alnus (10%) also in the arboreal mix. In Zone VII, Pigott and Pigott report an 
increase in herb pollen with rises in Gramineae and Cyperaceae (both c. 20%). 
Trees are represented by Alnus (50%), Ulmus (20%), Pinus (10%), Quercus 
(15%) and Fraxinus (2%) along with Fagus and Carpinus (c. 2% each). There is 
also a rise in Ericaceae and small peaks of Chenopodiaceae, Ranunculaceae, 
Plantago and Urtica (c. 2% each). Zone VIII has tree pollen of Quercus (20%), 
Alnus (60%), Betula (20%), Fraxinus (20%), Pinus (20%) and Ulmus (20%), 
along with Corylus, Salix and small amounts of Juniperus (all c. 1%). The herbs 
in this zone are Gramineae (60%), Cyperaceae (50%), Plantago (up to 50%) 
and Ranunculaceae (30%) with small amounts of Compositae, Caryophyllaceae 
Chenopodiaceae, Umbelliferae, Urtica, Filipendula and Succisa pratensis (all 
<1%). 
Summary  
The basal samples of Tarn Moss contains occasional grains of Pinus (pine). 
As organic material increases, the pollen of various herbs appears and arboreal 
pollen increases (Zone II) with pine, Betula (birch) and Juniperus (juniper) 
dominating.  In Zone III, pine declines and birch increases while grasses and 
herbs are well represented and junipers and Salix (willow) become abundant. At 
the zone top, herb amounts, juniper and willow decrease, birch amounts remain 
stable and Corylus (hazel) pollen makes an appearance. Zone IV sees hazel 
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pollen rapidly rising and birch declines. Pine starts to increase again and 
Quercus (oak) appears. In Zone V, birch is still well represented and hazel 
amounts rise rapidly. Ulmus (elm) is present at the zone top. Pine dominates 
Zone VI although hazel is still abundant and elm amounts rise. There are also 
rises in amounts of grass and sedge pollen as well as the appearance of 
heather and Sphagnum.  The start of Zone VII is marked by a sudden increase 
of Alnus (alder) as pine levels decline leaving oaks, elm and alder to dominate 
the zone. Zone VIII has a rise in frequency of herb pollen with high amounts of 
Rumex (dock), Plantago (plantain), Artemisia (mugwort), Chenopodiaceae and 
Ranunculaceae.   
Simmons (1996) published two pollen diagrams for Tarn Moss at Malham. 
Tarn Moss A is divided into three pollen assemblages. Amounts of Sphagnum 
were excluded from the pollen sum at these sites. There is no absolute 
chronology for this record.  
Pollen zone TMA-I is dominated by fluctuations of Corylus ( up to 50%) and 
Calluna (up to 30%) along with Ericaceae (C. 25%), Betula, Pinus, Ulmus, and 
Quercus (all c. 10%). Also present are: Tilia, Alnus, Fraxinus, Salix, Gramineae, 
Cyperaceae, Filipendula, Papilonaceae, Ranunculaceae, Rosaceae, 
Umbelliferae, Equisetum and Filicales (all < 1%). TMA-ii is dominated by 
fluctuations of Corylus (up to 50%), Calluna, Alnus and Ericaceae (up to 30%) 
along with Quercus, Ulmus, Betula (all c. 10%). Also present are: Pinus, Tilia, 
Fraxinus, Salix, Gramineae, Cyperaceae, Chenopodiaceae, Cruciferae, 
Filipendula, Papilonaceae, Ranunculaceae, Rosaceae, Succisa, Umbelliferae, 
Equisetum and Filicales (all < 1%). Pollen zone TMA-iii is dominated by Corylus 
(up to 50%) and fluctuations of Alnus (up to 30%) along with Calluna (c. 20%), 
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Quercus and Betula (c. 10%). Also present are: Pinus, Ulmus, Tilia, Fraxinus, 
Salix, Ericaceae, Gramineae, Cyperaceae, Chenopodiaceae, Filipendula, 
Papilonaceae, Ranunculaceae, Rosaceae, Succisa, Umbelliferae, Equisetum 
and Filicales (all <1%).  
Summary 
The basal assemblage at Tarn Moss A (TMA-I) indicates an arboreal 
landscape dominated by hazel with breaks in the canopy allowing heathers to 
establish. In TMA-II, hazel is still dominant and heathers are still well 
established however, alders are starting to encroach along with birch, oak and 
elm leading to more tree canopy cover, a theme that is continued in TMA-III as, 
although hazel is still the dominant species, the denser tree canopy caused by 
increases in alder lead to decreases in heather establishment. 
The pollen suite at Tarn Moss B is also divided in to three pollen 
assemblages. TMB-i is dominated by fluctuations of Corylus (up to c. 60%) 
along with Cyperaceae (up to 50%), Pinus (up to 20%), Betula, Filicales, 
Quercus and Ulmus (all up to c. 10%). Also present are: Alnus, Fraxinus, Salix, 
Calluna, Ericaceae, Artemisia, Caryophyllaceae, Chrysosplenum, Compositae, 
Filipendula, Papilonaceae, Ranunculaceae, Rubiaceae, Sanguisorba, 
Thalictrum, Typha, Pteridium (all < 1%). Pollen zone TMB-ii is dominated by 
Corylus (up to 60%) along with Alnus, Quercus, Ulmus, Betula and Pinus (all up 
to c. 10%). Also present are: Tilia, Fraxinus, Salix, Viburnum, Calluna, 
Ericaceae, Gramineae, Cyperaceae, Artemisia, Caryophyllaceae, 
Chrysosplenum, Compositae, Filipendula, Papilonaceae, Polemonium, 
Ranunculaceae, Rubiaceae, Rosaceae, Sanguisorba, Thalictrum, Typha, 
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Pteridium, Filicales (all <1%). The pollen assemblage for TMB-iii is dominated 
by Corylus (up to 50%) and Alnus (up to 30%) along with Calluna (up to 20%) 
and Gramineae (up to 10%). Also present are: Betula, Pinus, Ulmus, Fraxinus, 
Ericaceae, Cyperaceae, Caryophyllaceae, Compositae, Filipendula, 
Papilonaceae, Polemonium, Ranunculaceae, Rubiaceae, Rosaceae, 
Sanguisorba, Thalictrum, Pteridium and Filicales (all <1%).   
Summary 
The basal assemblage at Tarn Moss B (TMB-I) again indicates an arboreal 
landscape hazel as the dominant species and pine also well represented 
although increasing amounts of sedges point to a damper overall environment. 
In TMB-II, sedge values fall as rises in hazel and the establishment of birch, 
oak, alder and elm present establishment of a wooded environment. TMA-III 
indicates a change to a more open environment as although still dominant, 
hazel, birch, oak and elm values fall as although alder heather and grass 
amounts rise.   
Smith (1986) examined two pollen diagrams from the Malham area. One 
diagram was from Goredale Beck and the other one was from Great Close 
Pasture near Malham. Both pollen diagrams were split into seven pollen 
assemblages. The pollen diagrams were constructed on the percentage of tree 
pollen counted with actual numbers counted given for the herbaceous content. 
At Goredale Beck, pollen zone GB I is dominated by Betula (50%) and 
Pinus (30%) along with Ulmus (20%), Quercus (15%), Corylus and Alnus (5%) 
with occasional grains of Tilia, Carpinus, Salix and Ilex. The herbaceous content 
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was Cyperaceae and Gramineae with occasional grains of Plantago, 
Ranunculus, Compositae, Umbelliferae, Filipendula, Rubiaceae, Rumex and 
Caryophyllaceae. GB II is dominated by Corylus  - which rises suddenly from 
the bottom of the zone - Betula (40%) and Pinus (up to 40%) along with Ulmus 
(20%) –which drops quickly at the top of the zone - Quercus, Alnus and Salix 
(all c. 10%). Also present are: Tilia, Fraxinus, Carpinus, Ilex and Ericaceae. The 
herbaceous content consisted of Cyperaceae and Gramineae. Also present are: 
Plantago, Compositae, Umbelliferae, Potentilla, Filipendula, Rubiaceae, Rumex 
and Caryophyllaceae. Assemblage GB III, was a Corylus, Alnus (up to 45%), 
Quercus (up to 40%), Betula (up to 40%) dominated assemblage with Pinus, 
Salix, Tilia, Fraxinus, Carpinus, Ilex and Ericaceae (all less than 5%). The herbs 
consisted of Plantago, Gramineae and Cyperaceae with Ranunculus, 
Compositae, Chenopodiaceae, Potentilla, Filipendula, Rubiaceae, Rumex and 
Saxifrage.  
Pollen zone GB IV, is dominated by Corylus (up to 70 grains counted), 
Alnus and Pinus (both up to 40%) with Quercus (25%), Ulmus (20%), Salix 
(20%), Betula (15%) – which diminishes quickly at the top of the zone - 
Fraxinus, Tilia, Ericaceae and Ilex (all c. 5%). Herbs are dominated by 
Gramineae, Cyperaceae, which rise quickly from the bottom of the zone, 
Plantago (up to 160 grains counted), Chenopodiaceae, Compositae, 
Filipendula, and Rubiaceae. Also present are: Ranunculus, Umbelliferae, 
Rumex, Saxifrage and Liliaceae. Pollen assemblage GB V is dominated by 
Cyperaceae, Gramineae (up to 205 grains counted) and Plantago (with an 
average of 200 grains/sample) with Corylus, Alnus (30%), Pinus (25%), 
Quercus (up to 25%), Ulmus (20%), Betula (25%), Fraxinus (5%), 
Chenopodiaceae, Salix and Compositae with Tilia, Ilex, Ranunculus, 
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Umbelliferae, Potentilla, Filipendula and Rubiaceae. Pollen zone GB VI, is 
dominated by Cyperaceae (average c. 250 grains/sample), Gramineae, 
Ericaceae (up to 250 grains/sample), and Corylus along with Pinus (up to 50%), 
Alnus (up to 30%), Plantago, Fraxinus, Ulmus, Quercus, Tilia (all c. 5%), 
Chenopodiaceae, Compositae, and Filipendula. Also present are: Carpinus, 
Salix, Ilex, Ranunculus, Centaurea, Umbelliferae, Potentilla, Rubiaceae, Rumex 
and Saxifrage. The pollen assemblage for GB VII, is dominated by Cyperaceae 
(up to 1000 grains/sample), Gramineae (up to 400 grains/sample), Plantago (up 
to 400 grains/sample) and Ericaceae (up to 150 grains/sample) along with 
Chenopodiaceae, Corylus (up to 100 grains/sample), Betula (up to 50%), 
Fraxinus, Pinus, Ulmus, Quercus, Alnus, Tilia (all c. 10%), Salix, Ilex, 
Compositae, Potentilla and Ranunculus. Also present are: Carpinus, Centaurea, 
Rubiaceae, Filipendula, Rumex, Saxifrage and Liliaceae.     
Summary 
The basal sample (GBI) shows an arboreal environment consisting of birch, 
pine, elm, hazel and alder. GBII has rises in hazel, elm, oak and willow at the 
expense of falls in values of birch, pine and alder. Sedges and grass also start 
to rise in this assemblage and continue to increase, along with plantain in GBIII 
while pine and elm fall. Alder values rise and birch and hazel remain constant. 
GBIV sees a further expansion of grass, sedge and plantain as hazel, oak and 
alder values fall. Pine amounts, however, rise mid-zone before falling. In GBV, 
sedge amounts continue to expand as do grass and plantain while all arboreal 
species decrease. Heather values appear at the top of the zone and continue to 
increase in GBVI. Sedge and grass values are still high. All tree species 
continue to decline, however, hazel increases through the zone. Sedge, grass 
49 
and plantain continue to dominate GBVII as heather amounts decrease. Values 
of hazel birch and oak increase at the zone top. 
   At Great Close Pasture, the basal zone, GC I, is dominated by Pinus 
(80%) with Betula (c. 10%), Corylus and Salix (2%). Gramineae and 
Cyperaceae are the major herbs. Also present are: Compositae, 
Caryophyllaceae, Rosaceae and Chenopodiaceae. There is an uncalibrated 
radio-carbon date of 10,070±140 B.P. (11223-12122 cal. BP) at the top of this 
zone. Pollen zone GC II is dominated by Pinus (up to 70%), Betula (c. 45%) and 
Corylus along with small counts of Salix. Gramineae and Cyperaceae are the 
main herbs and Myriophyllum are the main water plants whilst ferns and 
mosses are dominated by Filicales (ferns). Also present are: Plantago, 
Caryophyllaceae, Rosaceae, Ranunculaceae, Labiatae, Liliaceae, Valerian, 
Nymphae, Typha, Potomageton, Sphagnum, and Filicales. 
GC III is split into two sub-zones. GC IIIa, is dominated by Betula (c. 40%), 
Pinus (c. 30%) and Corylus along with Ulmus (up to 10%), Quercus (up to c. 
7%), Alnus, Fraxinus and Ilex  (both intermittent). Gramineae and Cyperaceae 
are the main herbs whilst Myriophyllum, Typha and Potomageton are the main 
water plants and Filicales and Sphagnum are the main ferns and mosses. Also 
present are: Plantago, Caryophyllaceae, Rosaceae, Ranunculaceae, Labiatae, 
Liliaceae, Valerian, Selaginella and Pteridium. GC IIIb, is dominated by Corylus 
and Betula (c. 60%) with Ulmus, Pinus, Alnus, Quercus, Salix and Fraxinus. 
Herbs are dominated by Cyperaceae – which rises rapidly from the base of the 
zone – and Gramineae. Myriophyllum and Potomageton are the main water 
plants and Filicales and Sphagnum are the main ferns and mosses. Also 
present are: Carpinus, Ilex, Compositae, Plantago, Caryophyllaceae, 
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Rosaceae, Chenopodiaceae, Ranunculaceae, Labiatae, Valerian, Selaginella 
and Pteridium. There appears to be a non-sequence in the pollen assemblages 
in this zone as there are 25cms with no pollen recorded from the middle of the 
zone upwards, and another non-sequence in the middle of the next pollen zone. 
The pollen assemblage GC IV, is dominated by Cyperaceae (up to 700 
grains/sample), Gramineae and Pinus (c. 70%) with Quercus (c. 50%), Alnus (c. 
40%), Corylus, Betula (c. 10%), Ulmus (c. 5%) and Compositae, Plantago, and 
Chenopodiaceae. Potomageton are the main water plant and Filicales and 
Pteridium are the main ferns and mosses. Also present are: Tilia, Taxus, 
Carpinus, Ilex, Caryophyllaceae, Rosaceae, Umbelliferae, Urtica, 
Ranunculaceae, Labiatae, Liliaceae, Myriophyllum, Valerian, Nymphae, Typha, 
Selaginella and Sphagnum. Pollen zone GC V, is dominated by Cyperaceae (up 
to 900 grains/sample), Gramineae (up to 700 grains/sample), Corylus and 
Ericaceae (up to 75 grains/sample) along with Alnus (c. 40%), Quercus (c. 
30%), Pinus (c. 25%), Betula (c. 10%), Ulmus (c. 5%), Compositae and 
Plantago with Filic ales and Pteridium as the main ferns and mosses. Also 
present are: Tilia, Taxus, Carpinus, Salix, Ilex, Caryophyllaceae, 
Chenopodiaceae, Rosaceae, Rubiaceae, Succisa, Umbelliferae, Urtica, 
Ranunculaceae, Liliaceae, Valerians, Typha, Potomageton, Selaginella and 
Sphagnum. Pollen zone GC VI is dominated by Cyperaceae (up to 800 
grains/sample) and Gramineae (up to 700 grains/sample) along with Corylus, 
Quercus (c. 50%), Alnus (c.30%), Betula (c. 20%), Pinus, (c. 10%) Fraxinus (c. 
10%), Ulmus, (c. 5%) Plantago, Compositae and Ericaceae. Filicales and 
Pteridium are the main ferns and mosses. Also present are: Taxus, Salix, 
Rosaceae, Rubiaceae, Urtica, Succisa, Umbelliferae, Ranunculaceae, Liliaceae 
and Sphagnum. 
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Summary 
The bottom sample GCI is dominated by pine with small values of birch, 
hazel, willow, grass and sedge. Pine continues to dominate GCII although birch 
and hazel values expand rapidly. Grass and sedge also expand as does water 
milfoil. In GCIIIa, pine amounts start to fall while birch and hazel values continue 
to expand. There are also increases in grass and sedge values and elm, oak 
and alder appear along with small amounts of willow and holly. Hazel amounts 
dominate the first part of GCIIIb. Birch and pine values fall while elm, oak and 
alder rise; there is also an expansion in amounts of willow and sedge amounts 
rise to dominate the top of the zone. Sedges continue to expand in GCIV as do 
grass values there are also expansions in amounts of hazel and pine as well as 
slight increases of heather. Sedges again dominate in GCV and grass, hazel, 
oak, alder, pine and heather values increase. There are also occasional values 
of ash, hornbeam and willow. GCVI is, like the previous three zones dominated 
by sedge. There are also high grass values while heather amounts diminish. 
Birch values also increase while alder and elm values fall and oak and ash 
amounts remain constant.  
Smith (1986) stated that high levels of pine and elm along with substantial 
Mesolithic landscape clearance distinguish the vegetation history of this area 
from other areas of Britain. He also thought it likely that human activity led to 
both the initiation and cessation of accumulations of peat at different sites and 
times and thought that these activities may have accelerated soil acidification 
and the emergence of the underlying limestone from the covering of glacial till. 
He also proposed that originally the soil covering of the area was much more 
uniform.  
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3.2.2 Scar Close 
 Gosden (1968) investigated the peat of Scar Close on Ingleborough both 
macroscopically and palynologically and produced profiles and pollen diagrams 
for Scar Close, Moughton and Howrake Rocks. The pollen diagrams shows little 
tree pollen present in the samples and so the pollen diagrams were based on 
counts of 500 arboreal pollen grains and split stratigraphically into clay and 
peat. The clay contains high amounts of fern spores and Succisa pratensis, 
Gramineae, Ericaceae, Cyperaceae and Plantago lanceolata along with Alnus 
(up to 90%) while the peat contained Alnus, (up to c. 50%) Betula (up to 40%), 
Quercus (up to 20%), Pinus (c.10%), Ulmus, Fraxinus (up to 10%) and small 
amounts of Fagus (c.3%). The non-arboreal pollen consists of Gramineae, 
Cyperaceae, Ericaceae and Plantago lanceolata along with small counts of 
Caryophyllaceae. 
Gosden concludes that the peat is of recent origin and that it may have 
formed (a) on a persistent drift cover that has now been removed, or (b) to have 
developed on the limestone itself.   
3.2.3 The Craven Lowlands 
Jones (1977) studied four sites in the Craven district of the Yorkshire Dales. 
He constructed pollen assemblage zones for each site which he then 
synthesized into regional pollen zones. The pollen zones LN-I and LN-II, 
covered the Late-Glacial period. The pollen assemblage for zone LN-I was 
virtually treeless and dominated by Cyperaceae with a small amount of Betula. 
The next zone LN-Ia, has a sudden increase in herbaceous pollen with high 
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values of Filipendula, Thalictrum and Rumex along with Gramineae as well as 
Selaginella, Lycopodium spp., Hippophäe and Lycopodium selago there are 
also amounts of Betula, Pinus and Juniperus.  
The Flandrian (Holocene) period starts with Jones’ Craven-I zone 
dominated by Betula and Juniperus, with Pinus and Salix along with Gramineae 
and Cyperaceae as well as Rumex, Filipendula, Thalictrum and Compositae. 
The Craven II zone is dominated by Betula and Pinus along with Juniperus, 
Salix and Corylus. The herbaceous content consists of Filipendula, Gramineae 
and Cyperaceae. The Craven III zone is dominated by Corylus, Pinus and 
Ulmus along with Quercus, Juniperus, Betula, Alnus, Gramineae, Cyperaceae 
and Filipendula. Jones’ Craven IV zone is a Pinus, Corylus, Quercus dominated 
zone with Ulmus and Betula and a herb content of Gramineae, Cyperaceae, 
Filipendula, Ranunculaceae, Cruciferae Chenopodiaceae and Succisa.  
The Craven V zone is split into two parts. The sub-zone Craven V(a) is 
dominated by Alnus, Quercus and Pinus along with Ulmus, Betula, Corylus and 
Rosacae. The herbaceous content is Filipendula, Umbeliferae, Gramineae and 
Cyperaceae. The dominant vegetation in sub-zone Craven V(b) is Alnus and 
Quercus along with Corylus, Pinus, Betula, Ulmus, Tilia and Fraxinus. 
Cyperaceae, Filipendula, Gramineae, Plantago lanceolata, Succisa and 
Umbeliferae represent the herbaceous content. The regional pollen assemblage 
zone Craven VI is dominated by Alnus and Quercus along with Pinus, Corylus 
and increasing amounts of Tilia and Fraxinus. The herbaceous pollen was 
Gramineae, Plantago lanceolata and Rumex. These pollen diagrams were later 
re-interpreted using a suite of radio-carbon dates by Bartley et al. (see below).  
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Bartley et al. (1990) reviewed the work of Jones (1977 – see above), and 
presented dated pollen diagrams for five sites in south west Craven after 
obtaining 15 radio-carbon dates. The pollen diagrams for each site will be 
reviewed below. The pollen values are expressed as percentages of total pollen 
excluding aquatics and spores. 
The pollen diagram for Linton Mires was split into five assemblages with 
LM-1 and LM-3 divided into two sub-zones. LM-1a is dominated by Cyperaceae 
(60%) with small amounts of Betula (c. 7%), Gramineae (c. 5%) and Salix (c. 
2%). Also present were: Pinus, Corylus, Rumex, Chenopodiaceae, Compositae, 
Cruciferae, Filipendula, Ranunculaceae, Rosaceae, Rubiaceae, Thalictrum, 
Umbelliferae, Sphagnum and Filicales (all c. 2%). The pollen assemblage for 
LM-1b, was dominated with Cyperaceae (c. 50%) and rising levels of 
Gramineae (c. 30%) along with Pinus (c. 20%), Betula (c. 20%), Salix (c. 10%), 
Also present were: Ulmus, Corylus, Juniperus, Hippophae, Ericacae, 
Filipendula, Compositae, Rosaceae, Ranunculaceae, Thalictrum, Rubiaceae, 
Umbeliferae, Selaginella, Lycopodium, Cruciferae, Valeriana and Saxifrage, 
Rumex, Chenopodiaceae, Typha, Polypodium, Pteridium and Sphagnum (all c. 
1%). 
Pollen zone LM-2, is dominated by Pinus (c. 30%), and Filicales (c. 40%) 
along with Cyperaceae (c. 20%), Gramineae (c. 15%), Betula (c. 15%), Salix (c. 
10%) and Sphagnum (up to 200 grains/sample). Also present were: Ulmus, 
Quercus, Alnus, Hippophäe, Ericaceae, Compositae, Filipendula, 
Ranunculaceae, Umbelliferae, Rosaceae, Valeriana, Polypodium and Pteridium 
(all c. 1%). Pollen zone LM-3a, is dominated by Corylus (up to c. 70%) and 
Filicales (up to c. 40%) with Pinus (c. 20%), Betula (c. 10%), Ericaceae (3%), 
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Gramineae (3%) and Cyperaceae (c. 2%). Also present were: Ulmus, Quercus, 
Alnus, Salix, Compositae, Filipendula, Chenopodiaceae, Cruciferae, Rosaceae, 
Thalictrum, Umbeliferae, Typha, Polypodium, Selaginella, Pteridium and 
Sphagnum (all <1%). Zone LM-3b, is dominated by Corylus (c. 40%) and 
Filicales (c. 30%) along with Pinus (c. 20%), Ulmus (c. 15%), Betula (c. 10%), 
Cyperaceae (10%), Gramineae (c. 10%), Sphagnum (c.10%) and Ericaceae (c. 
5%). Also present were: Quercus, Alnus, Filipendula, Chenopodiaceae, 
Compositae Umbelliferae, Polypodium, Cruciferae, Ranunculaceae, Rosaceae, 
Succisa, Lycopodium, Selaginella, Sparganium and Pteridium (all <1%). 
Pollen assemblage LM-4, is dominated by Alnus (c. 40%), Corylus (c. 30%) 
and Filicales (c. 50%), along with Quercus (c. 20%), Ulmus (c. 10%), Pinus (c. 
10%), Betula, Compositae, Umbeliferae, Rosaceae, Cyperaceae and 
Gramineae (all c. 5%). Also present were: Salix, Chenopodiaceae, Cruciferae, 
Polypodium, Valeriana, Filipendula, Pteridium and Sphagnum (all< 1%). Pollen 
zone LM-5, is dominated by Cyperaceae (c. 40%) and Filicales (c. 30%) along 
with Alnus (c. 10%), Corylus (c.10%), Quercus (c. 5%), Ericaceae (c. 3%) and 
Plantago (c. 2%). Also present were: Betula, Ulmus, Tilia, Filipendula, 
Compositae, Rubiaceae, Valeriana, Sparganium, Ranunculaceae, Rosaceae, 
Succisa, Umbelliferae, Pteridium, Polypodium, Pinus, Cruciferae, Lycopodium 
and Sphagnum (all<1%).  
Summary 
The basal zones of the Linton Mires pollen diagram are dominated by 
Cyperaceae (sedges) along with small amounts of Gramineae (grass) and Salix 
(willow). Sedges diminish as grass levels start to rise along with amounts of 
56 
pine, birch and willow. In Zone LM-2, sedges continue to diminish allowing 
Pinus (pine) to dominate along with Filicales (ferns) and increases of grass, 
Betula (birch), willow and Sphagnum.  Arboreal amounts rise in Zone LM-3a, as 
Corylus (hazel) dominates along with Filicales as amounts of pine, birch, 
Ericaceae (heather), grass and sedges fall while Zone LM-3b, hazel amounts 
though still  dominant, start to fall as Compositae amounts and Filicales along 
with pine, elm, birch, Cyperaceae, Sphagnum and Ericaceae begin to fall. Zone 
LM-4 is dominated by Alnus (alder), hazel and Filicales, along with oak, Ulmus, 
(elm) Pinus, Betula, Compositae, Umbelliferae, Rosaceae, Cyperaceae and 
Gramineae, while Zone LM-5, is dominated by Cyperaceae and Filicales along 
with Alnus, Corylus, Quercus, Ericaceae and Plantago (plantain).  
The pollen diagram for Threshfield Moor is divided into six assemblages 
with TH-4 split into four sub-zones. TH-1 is dominated by Cyperaceae (up C. 
75%) along with Gramineae (c. 30%), Betula (up to 15%), Salix (c. 8%), Pinus 
(c. 6%) and Rubiaceae (2%). Also present are: Juniperus, Corylus, Ericaceae, 
Rosaceae, Filipendula, Rumex, Artemisia, Caryophyllaceae, Compositae, 
Cruciferae, Potentilla, Ranunculaceae, Umbelliferae, Valeriana, Botrychium, 
Filicales and Sphagnum (all <1%). The pollen zone TH-2, is dominated by Salix 
(c. 70%) along with Gramineae (up to c. 20%), Betula (up to c. 25%), 
Cyperaceae (c. 20%), Corylus (c. 12%), Pinus (c.10%) and Filicales (c. 10%). 
Also present were: Filipendula (c. 8%), Ulmus, (c. 5%)  Ericaceae, Artemisia, 
Chenopodiaceae, Compositae, Potentilla, Ranunculaceae, Rubiaceae, 
Umbelliferae, Valeriana, Menyanthes, Nymphae, Botrychium and Sphagnum 
(all<1%). The pollen assemblage for TH-3 is dominated by Betula (c. 50%) and 
Sphagnum (c. 40%) along with Corylus (c. 30%), Salix (c. 15%), Gramineae (up 
to c.15%), Filicales (c. 15%), Cyperaceae (c. 10%) and Pinus (c. 10%). Also 
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present were: Quercus (c. 5%), Ericaceae (c. 3%), Cruciferae (c. 3%), 
Filipendula (c. 2%), Potentilla, Rosaceae, Umbelliferae and Menyanthes 
(all<1%).  
Pollen zone TH-4a, is dominated by Corylus (up to c. 70%), Betula (up to c. 
60%) and Pinus (up to 40%), along with Gramineae (15%), Ericaceae (10%) 
and Cyperaceae (c. 10%). Also present were: Filipendula (c. 3%), Ulmus, 
Quercus, Salix (all c. 2%), Artemisia, Cruciferae and Sphagnum, Compositae, 
Cruciferae, Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, and Pteridium 
(all <1%). The assemblage for TH-4b is dominated by Corylus (c. 70%) and 
Sphagnum (c. 40%) along with Pinus (up to c. 20%), Betula (c. 10%), Ulmus (c. 
5%), Quercus (c. 5%), Ericaceae (c.4%), Gramineae and Cyperaceae (c. 3%). 
Also present were: Fraxinus, Artemisia, Cruciferae, Filipendula, 
Ranunculaceae, Rubiaceae, Umbelliferae, Polypodium and Pteridium (all <1%). 
There is a radio-carbon date of 9430 ± 100 in the middle of this sub-zone. 
Pollen zone TH-4c, is dominated by Corylus (c. 50%), Pinus (c. 40%), 
Sphagnum (up to c. 30%) and Gramineae (c. 20%), Cyperaceae and Ericaceae 
(both c. 10%), along with Ulmus , Quercus, Betula, Salix (all up to c. 5%), Also 
present were: Alnus, Rumex, Compositae, Cruciferae, Filipendula, Potentilla, 
Ranunculaceae, Rosaceae, Umbelliferae, Valeriana, Potomageton, 
Polypodium, Pteridium and Filicales (all<1%). The assemblage TH-4d, is 
dominated by Pinus (c. 40%), Corylus (c. 30%), Sphagnum (up to c. 30%) and 
Cyperaceae (up to c. 30%) along with Gramineae (c. 20%), Ulmus, Quercus, 
Alnus (c. 10%), Filipendula (c. 8%), Filicales and Betula (c. 5%). Also present 
were: Tilia, Salix, Ericaceae, Rumex, Chenopodiaceae, Compositae, 
Cruciferae, Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, 
Potomageton, Polypodium and Pteridium (all<1%). 
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Pollen zone TH-5 is dominated by Corylus (c. 50%) along with Alnus (up to 
c. 40%), Gramineae (c. 15%), Ericaceae (c. 15%), Quercus, Ulmus, Pinus, 
Betula (all up to 10%), Cyperaceae and Sphagnum (both c. 5%). Also present 
were: Tilia Salix, Plantago, Chenopodiaceae, Compositae, Cruciferae, 
Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, Scrophularia, Umbelliferae, 
Polypodium, Pteridium and Filicales (all c. 1%). The pollen assemblage for TH-6 
is dominated by Ericaceae and Gramineae (both c. 40%) along with Alnus (c. 
10%), Betula, Pinus, Ulmus Quercus, Corylus, Cyperaceae and Sphagnum (all 
c. 5%). Also present were: Fraxinus, Plantago, Rumex, Artemisia, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Potentilla, 
Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, Polypodium, Pteridium 
and Filicales (all <1%). 
Summary 
The basal sample of TH-1, is dominated by Cyperaceae along with 
Gramineae, Rubiaceae, Betula, Salix and Pinus. Sedge amounts diminish at the 
start of TH-2 as Salix dominates along with Gramineae, Betula, Cyperaceae, 
Corylus, Pinus and Filicales. Increasing amounts of Betula and Sphagnum 
dominate TH-3, along with Corylus, Salix, Gramineae, Filicales, Cyperaceae 
and Pinus, while at the start of pollen zone TH-4a there is a rapid increase in 
Corylus, as well as rises in amounts of Betula and Pinus. In TH-4b, Corylus still 
dominates along with Sphagnum and increases in values of Pinus, Betula and 
Ulmus, while Corylus values begin to fall in pollen zone TH-4 at the expense of 
Pinus and Sphagnum along with Ulmus, Quercus, Betula, Salix. TH-4d, is 
dominated by a rise in Pinus, as Corylus values fall. Sphagnum and 
Cyperaceae amounts also contribute well to this pollen assemblage. Corylus 
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values rise again in TH-5 along with increases of Alnus and Quercus while 
Pinus and Sphagnum values fall. Arboreal values fall at the beginning of TH-6  
allowing Ericaceae and Gramineae to dominate. 
 The pollen diagram for Eshton Tarn is divided into Five assemblages with 
ET-1, ET-2 and ET-4 each divided in to two sub-zones and ET-5 divided in 
three sub-zones.  
ET-1a is dominated by Betula (up to 70%) along with Gramineae (up to 
20%), Salix (10%), Corylus (10%), Filicales (5%), Fraxinus and Pinus (both up 
to 5%). Also present are: Quercus, Alnus, Artemisia, Caryophyllaceae, 
Chenopodiaceae, Filipendula, Potentilla, Ranunculaceae, Rosaceae, 
Rubiaceae, Umbelliferae, Aquatics, Dryopteris, Polypodium, Pteridium and 
Sphagnum (all <1%). Sub-zone ET-1b, is dominated by Corylus (up to 75%) 
and Betula (up to 50%) with Gramineae, Cyperaceae, Pinus and Ulmus (all 
c.5%). Also present are: Quercus, Salix, Chenopodiaceae, Compositae, 
Cruciferae, Filipendula, Potentilla, Rosaceae, Aquatics and Filicales (all <1%). 
ET-2a, is dominated by Corylus (up to 75%) with Ulmus, Pinus (both up to 
20%), Quercus and Betula (both up to 10%). Also present are: Alnus, Salix, 
Gramineae, Cyperaceae, Hedera, Ericaceae, Caryophyllaceae, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Potentilla, Rosaceae, 
Aquatics, Polypodium, Pteridium and Filicales (all <1%). Sub-zone ET-2b is 
dominated by Corylus (up to 50%) and Pinus (up to 30%) with Quercus, Ulmus 
(both up to 20%), Betula (up to 10%) and Gramineae (c. 5%). Also present are: 
Alnus, Salix, Hedera, Ericaceae, Compositae, Cruciferae, Filipendula, 
Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, Typha, 
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Aquatics, Dryopteris, Polypodium, Pteridium and Filicales (all <1%). Pollen zone 
ET-3 is dominated by Corylus (up to 60%), Alnus (up to 40%), Pinus (c. 25%) 
and Quercus (c. 15%) with Ulmus, Betula (both c.10%), and Cyperaceae (5%). 
Also present are: Salix, Tilia, Ericaceae, Gramineae, Compositae, Filipendula, 
Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, Caltha, 
Valeriana, Aquatics, Dryopteris, Polypodium and Filicales (all <1%).  
Pollen sub-zone ET-4a is dominated by Corylus (diminishing from 40%), 
Alnus (up to 30%) and Quercus (up to 20%) along with Cyperaceae (15%), 
Ulmus and Filicales (10%) and Pinus and Betula (5%). Also present are: Tilia, 
Fraxinus, Salix, Caryophyllaceae, Chenopodiaceae, Compositae, Filipendula, 
Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, Umbelliferae, Typha, aquatic 
flowering plants, Dryopteris, Polypodium and Pteridium (all <1%). Sub-zone 
ET4b, is dominated by Cyperaceae (up to 80%) along with Corylus and Alnus 
(both up to 30%), Quercus and Gramineae (both up to 20%), Filicales and 
Ulmus (both c. 10%). Also present are: Pinus, Tilia, Fraxinus, Betula, Plantago, 
Caryophyllaceae, Compositae, Cruciferae, Filipendula, Potentilla, 
Ranunculaceae, Rosaceae, Rubiaceae, Succisa, Umbelliferae, Caltha, Typha, 
Valeriana, aquatic flowering plants, Botrychium, Dryopteris and Pteridium (all <1 
%). 
Pollen sub-zone ET-5a is dominated by Cyperaceae and Filicales along with 
Corylus, Alnus, Quercus and Gramineae. Also present are: Betula, Pinus, 
Ulmus, Tilia, Salix, Ericaceae, Plantago, Rumex, Caryophyllaceae, Compositae, 
Cruciferae, Filipendula, Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, 
Succisa, Umbelliferae, Typha, Valeriana, Botrychium, Dryopteris, Polypodium, 
Pteridium and Sphagnum. There is a radio-carbon date of 5010 ± 110 at the 
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base of this zone. Sub-zone ET-5b is dominated by Cyperaceae (up to 80%), 
Filicales and Corylus (both up to 55%) along with Alnus, Quercus and 
Gramineae (all up to 15%). Also present are: Ulmus, Pinus, Betula, Tilia, 
Fraxinus, Salix, Ericaceae, Cereals, Plantago, Rumex, Artemisia, 
Caryophyllaceae, Chenopodiaceae, Compositae, Cruciferae, Filipendula, 
Potentilla, Ranunculaceae, Rosaceae, Succisa, Umbelliferae, Caltha, Typha, 
Valeriana, Botrychium, Dryopteris, Polypodium and Pteridium (all <1%). There 
is a radio-carbon date of 3600 ± 100 (4204-4224 cal. BP) at the top of this sub-
zone.  Pollen sub-zone ET-5c is dominated by Corylus Alnus and Gramineae 
(all up to 40%) along with Cyperaceae (up to 30%), Quercus, Ericaceae (both 
up to 20%) and Betula (up to 5%). Also present are: Pinus, Ulmus, Tilia, 
Fraxinus, Salix, Cereals, Plantago, Rumex, Artemisia, Caryophyllaceae, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Potentilla, 
Ranunculaceae, Rosaceae, Rubiaceae, Succisa, Umbelliferae, Caltha, Typha, 
Aquatics, Polypodium, Pteridium, Filicales, and Sphagnum (all <1%). 
Summary 
The base of ET-1a is dominated by Betula with small amounts of 
Gramineae and Corylus. ET-1b, is dominated by Corylus which rises sharply 
from the zone base as Betula and Gramineae values fall. Sub-zones ET-2a,and  
ET-2b are again dominated by Corylus with rising values of Ulmus, Quercus, 
Pinus. Hazel values fall towards the top of sub-zone ET-2b and alder pollen 
appears. Pollen zone ET-3 is again dominated by Corylus, Pinus and Quercus 
values remain stable and Alnus amounts rise while in sub-zone ET-4a Corylus, 
Pinus, Quercus and Ulmus  values fall  as Alnus amounts along with 
Cyperaceae rise to eventually dominate Sub-zone ET4b while the arboreal 
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pollen continues to fall. The three sub-zones that constitute ET-5 indicate 
opening of the tree canopy as although pollen of hazel, alder and oak are still 
part of the pollen rain, the main constituents of the pollen diagram consist of 
grasses and sedges. 
The pollen diagram for Eshton Tarn M is divided into four pollen zones with 
ETM-3 divided into two sub-zones. 
ETM-1 is dominated by Corylus, Quercus and Alnus (all up to 35%), along 
with Betula, Ulmus, Fraxinus, Gramineae and Cyperaceae (all up to 5%). Also 
present are: Pinus, Tilia, Plantago, Filipendula, Potentilla, Ranunculaceae, 
Rosaceae, Umbelliferae, Lysmachia, Potomageton, Typha, Pteridium, 
Polypodium, Filicales and Sphagnum (all <1%). Pollen zone ETM-2 is 
dominated by Gramineae (c. 40%), Alnus (up to 35%) and Quercus and Corylus 
(both up to 25%), along with Cyperaceae and Betula (both c. 10%). Also 
present are: Ulmus, Pinus, Fraxinus, Salix, Tilia, Frangula and Ericaceae, 
Cereals, Plantago, Rumex, Caryophyllaceae, Chenopodiaceae, Compositae, 
Cruciferae, Filipendula, Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, 
Succisa, Umbelliferae, Caltha, Lysimachia, Menyanthes, Potomageton, 
Pteridium, Polypodium, Filicales and Sphagnum (all < 1%).  
Pollen sub-zone ETM-3a is dominated by Gramineae (up to 50%) and 
Cyperaceae (up to 40%), along with Corylus and Quercus (both c. 20%) and 
Alnus and Betula (both c. 10%). Also present are: Ulmus, Pinus, Carpinus, 
Fraxinus, Salix, Fagus, Ericaceae, Cereals, Plantago, Rumex, Artemisia, 
Caryophyllaceae, Chenopodiaceae, Compositae, Cruciferae, Filipendula, 
Potentilla, Poterium, Ranunculaceae, Labiatae, Rosaceae, Rubiaceae, Succisa, 
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Umbelliferae, Caltha, Lysimachia, Polygonum, Potomageton, Typha, Valeriana, 
Pteridium, Polypodium, Filicales and Sphagnum (all c. 1%). There is a radio-
carbon date of 3160 ± 80 (3205-3573 cal. BP) near the middle of this sub-zone. 
Sub-zone ETM3b is dominated by Cyperaceae and Gramineae (both up to 
40%) along with Corylus and Quercus (both 20%) and Alnus and Betula (both c. 
10%). Also present are: Ulmus, Pinus, Tilia, Carpinus, Fraxinus, Salix, 
Ericaceae, Cannabis, Cereals, Plantago, Rumex, Artemisia, Caryophyllaceae, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Potentilla, Poterium, 
Ranunculaceae, Labiatae, Rosaceae, Rubiaceae, Succisa, Umbelliferae, 
Caltha, Menyanthes, Myriophyllum, Polygonum, Potomageton, Typha, 
Valeriana, Pteridium, Polypodium, Filicales and Sphagnum (all c. 1%).  
Pollen zone ETM-4 is dominated by Cyperaceae (up to 90%) along with 
Gramineae up to 10%), Betula, Pinus, Ulmus, Quercus, Alnus, Fagus, Corylus 
and Ericaceae (all c. 5%). Also present are: Plantago, Rumex, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Ranunculaceae, 
Labiatae, Rosaceae, Caltha, Polygonum, Valeriana, Pteridium, Polypodium, 
Filicales and Sphagnum (all < 1%).   
Summary 
The base of ETM-1indicates an arboreal characteristic and is dominated by 
Corylus, Quercus and Alnus although values of Gramineae appear at the top of 
the zone. Grass amounts continue to rise and dominate zone ETM-2 while 
Alnus and Quercus values fall. Pollen sub-zone ETM-3a is again dominated by 
Gramineae along with Cyperaceae, Corylus, Quercus, Alnus and Betula. In 
Sub-zone ETM3b Cyperaceae and Gramineae dominate the pollen rain. Tree 
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species are represented by Corylus, Quercus, Alnus and Betula. In Pollen zone 
ETM-4, Cyperaceae is the dominant species as Gramineae values fall rapidly 
as do all arboreal types.  
The pollen diagram for White Moss 1 is divided into seven pollen zones with 
WM1-4 divided into two sub-zones. 
WM1-1 is dominated by rising amounts of Betula and Corylus (both up to 
50%) along with Salix and Juniperus (both c. 10%), Ericaceae, Gramineae and 
Cyperaceae (up to 5%) and Pinus (c. 2%). Also present are: Ulmus, Quercus, 
Alnus, Rumex, Compositae, Cruciferae, Filipendula, Potentilla, Ranunculaceae, 
Rosaceae, Rubiaceae, Thalictrum, Umbelliferae, Aquatics, Typha, Dryopteris, 
Polypodium and Filicales (all c. 1%). Pollen zone WM1-2 is dominated by rising 
amounts of Corylus (up to 70%) and falling values of Betula (from c. 60%) along 
with Gramineae and Cyperaceae (from c. 20%), Salix and Pinus (c. 5%) and 
Ulmus and Quercus (c. 2%). Also present are: Ericaceae, Rumex, Compositae, 
Filipendula, Ranunculaceae, Rosaceae, Thalictrum, Aquatics, Typha, 
Dryopteris, Filicales and Sphagnum (all < 1%). 
WM1-3 is dominated by falling values of Corylus (from 50%) and fluctuating 
amounts of Betula, Pinus and Quercus (all up to c. 20%) along with Ulmus, 
Alnus and Salix (all c. 10%). Also present are: Tilia, Ericaceae, Gramineae, 
Cyperaceae, Filipendula, Artemisia, Ranunculaceae, Rosaceae, Succisa, 
Thalictrum, Umbelliferae, Aquatics, Typha, Dryopteris, Polypodium, Pteridium 
and Sphagnum (all < 1%). There is a radio-carbon date of 7590 ± 70 at the top 
of this zone. The pollen assemblage for the sub-zone WM1-4a is characterised 
by fluctuating amounts of Corylus (up to 65%) and Alnus (up to 30%) along with 
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Quercus (25%), Pinus (20%), Betula (10%) and Ulmus (5%). Also present are: 
Salix, Tilia, Fraxinus, Ericaceae, Gramineae, Cyperaceae, Plantago, Artemisia, 
Compositae, Filipendula, Rosaceae, Umbeliferae, Aquatics, Typha, Dryopteris, 
Polypodium, Pteridium, Filicales and Sphagnum (all <1%). There is a radio-
carbon date of 6750 ± 70 at the top of this sub-zone. Sub-zone WM1-4b is 
dominated by fluctuations in Alnus (up to 50%) and Corylus (up to c. 40%) 
amounts along with Quercus (up to 20%), Betula (10%), Ulmus (5%), Pinus, 
and Cyperaceae (both c. 2%). Also present are: Tilia, Fraxinus, Salix, Frangula, 
Ericaceae, Gramineae, Plantago, Rumex, Caryophyllaceae, Chenopodiaceae, 
Compositae, Filipendula, Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, 
Umbelliferae, Aquatics, Typha, Dryopteris, Polypodium, Pteridium, Filicales and 
Sphagnum (all < 1%). There is a radio-carbon date of 5080 ± 100 at the top of 
this sub-zone.  
The pollen assemblage for WM1-5 is dominated by fluctuations in the 
values of Alnus (up to 50%), Corylus and Gramineae (up to 45%), Filicales and 
Quercus (up to 30%) along with Betula and Sphagnum (15%), Cyperaceae 
(10%), Salix, Fraxinus and Ulmus (all c. 5%). Also present are: Pinus, Tilia, 
Frangula, Ericaceae, Plantago, Cereal, Rumex, Artemisia, Caryophyllaceae, 
Chenopodiaceae, Compositae, Cruciferae, Filipendula, Melampyrum, Potentilla, 
Ranunculaceae, Rosaceae, Rubiaceae, Succisa, Umbelliferae, Aquatics, 
Typha, Polypodium and Pteridium (all <1%). Pollen zone WM1-6 is dominated 
by fluctuations of Corylus (up to 40%), Alnus and Betula (both up to c. 35%) 
along with Gramineae (from 30%), Quercus (up to c. 25%), Cyperaceae, 
Filicales, Sphagnum and Salix (all c. 5%). Also present are: Pinus, Ulmus, Tilia, 
Fagus, Fraxinus, Plantago, Cereal, Rumex, Artemisia, Compositae, Cruciferae, 
Filipendula, Melampyrum, Potentilla, Ranunculaceae, Rosaceae, Rubiaceae, 
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Succisa, Thalictrum, Umbelliferae, Aquatics, Polypodium and Pteridium (all 
<1%). There is a radio-carbon date of 1470 ± 100 (1220-1568 cal. BP) at the 
top of this zone.  
Pollen zone WM1-7 is dominated by fluctuating values of Gramineae and 
Sphagnum (up to 50%), Cyperaceae (up to 40%) Ericaceae (up to 30%) and 
Corylus (up to 20%) along with Betula, Alnus and Quercus (all up to 10%). Also 
present are: Ulmus, Fraxinus, Salix, Tilia, Frangula, Plantago, Cannabis, 
Cereal, Rumex, Artemisia, Caryophyllaceae, Chenopodiaceae, Compositae, 
Cruciferae, Filipendula, Melampyrum, Potentilla, Ranunculaceae, Rosaceae, 
Rubiaceae, Succisa, Umbelliferae, Aquatics, Typha, Polypodium, Pteridium and 
Filicales (all <1%).  
Summary 
The basal zone WM1-1 is dominated by rising amounts of Betula and rising 
values of Corylus. There also significant values of Gramineae and Cyperaceae 
as well as Salix, Juniperus, Ericaceae and Pinus. In pollen zone WM1-2 rising 
amounts of Corylus dominate as values of Betula decrease. Gramineae and 
Cyperaceae values are also rising. WM1-3 is again dominated by Corylus 
although values are falling as Ulmus, Betula, Pinus and Quercus rise. Alnus 
pollen appears at the zone top. Fluctuating amounts of Corylus and Alnus 
characterise the pollen assemblage for the sub-zone WM1-4a along with rising 
values of Quercus and falls in Pinus, Betula and Ulmus. Sub-zone WM1-4b is 
also dominated by fluctuations in Alnus and Corylus amounts. Quercus values 
rise as do values of Betula and Ulmus while Pinus amounts decrease. 
Gramineae and Cyperaceae values begin to increase at the zone top. Pollen 
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assemblage WM1-5 is dominated by fluctuating values of Alnus, Corylus and 
Quercus. Gramineae values fall rapidly from the zone base while Cyperaceae 
amounts remain constant. Again fluctuations in values of Corylus and Alnus 
dominate in WM1-6. There are significant amounts of Betula at the zone base 
and values of Gramineae and Cyperaceae increase at the zone top. Pollen 
zone WM1-7 is dominated by fluctuating values of Cyperaceae, Gramineae and 
Ericaceae. Corylus amounts remain strong while Betula, Alnus and Quercus 
values recede.  
The pollen assemblages for White Moss 6 are divided into three pollen 
zones with WM6-2 split into four sub-zones. 
Pollen zone WM6-1 is dominated by rising values of Corylus (up to c. 50%) 
and falling amounts of Ericaceae (from C. 55%) along with Sphagnum (up to 
40%), Betula (up to 20%), Pinus and  Alnus (c. 5%), Quercus and Ulmus (both 
c. 2%). Also present are: Tilia, Salix, Gramineae, Cyperaceae, Polypodium, 
Pteridium and Filicales (all <1%). There is a radio-carbon date of 7520 ± 80 at 
the top of this pollen zone. 
 Sub-zone WM6-2a is dominated by fluctuating values of Ericaceae (up to c. 
35%) and Corylus, Alnus and Sphagnum (all up to 30%), along with Betula and 
Cyperaceae (both c. 20%), and Quercus and Gramineae (at c. 10%). Also 
present are: Pinus, Ulmus, Tilia, Fraxinus, Salix, Cereals, Plantago, Rumex, 
Aquatics, Polypodium, Pteridium and Filicales (all <1%). Sub-zone WM6-2b is 
dominated by Corylus (c. 50%) along with Alnus, Ericaceae and Sphagnum (c. 
20%), Quercus, Betula, Gramineae and Cyperaceae (all c. 10%). Also present 
are: Pinus, Ulmus, Tilia, Cereals, Plantago, Rumex, Polypodium, Pteridium and 
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Filicales (all <1%). Sub-zone WM6-2c is dominated by Gramineae (up to 55%) 
along with Ericaceae, Cyperaceae (all up to c. 25%), Corylus and Sphagnum 
(up to 20%), Alnus, Quercus (up to 10%) and Betula (C. 5%). Also present are: 
Pinus, Ulmus, Tilia, Fraxinus, Salix, Cereals, Plantago, Rumex, Aquatics, 
Polypodium and Filicales (all <1%). There is a radio-carbon date of 3500 ± 60 at 
the top of this sub-zone. Sub-zone WM6-2d is dominated by fluctuating values 
of Corylus (up to 55%), Alnus, Ericaceae and Sphagnum (up to 25%) along with 
Cyperaceae and Gramineae (both up to 15%) and Betula and  Quercus (c. 
10%). Also present are: Pinus, Ulmus, Tilia, Fraxinus, Fagus, Salix, Cereals, 
Plantago, Rumex, Aquatics, Polypodium, Pteridium and Filicales (all <1%).  
The pollen assemblage for WM6-3 is dominated by fluctuations values of 
Gramineae and Sphagnum (up to 70%) and Ericaceae (up to 60%) along with 
Cyperaceae and Corylus (up to 25%), Quercus and Alnus (up to 10%) and 
Plantago and Betula (up to 5%). Also present are: Pinus, Ulmus, Tilia, Fraxinus, 
Fagus, Acer, Salix, Cereals, Rumex, Aquatics, Polypodium, Pteridium and 
Filicales (all <1%). There is a radio-carbon date of 1190 ± 40 (1250-1256 cal. 
BP) at the base of this pollen zone. 
Summary 
Pollen zone WM6-1 is dominated by rising values of Corylus and Sphagnum 
and falling amounts of Ericaceae. In Sub-zone WM6-2a, fluctuating values of 
Ericaceae and Corylus dominate. Alnus values are constant along with 
Sphagnum and Cyperaceae while in sub-zone WM6-2b, Corylus is dominant 
while Ericaceae, Gramineae and Alnus amounts fluctuate. In Sub-zone WM6-2c 
Gramineae dominates while Ericaceae, Cyperaceae, Corylus values remain 
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constant. Fluctuating values of Corylus, Alnus and Ericaceae dominate sub-
zone WM6-2d. Cyperaceae and Gramineae increase at the zone top to 
dominate the pollen assemblage WM6-3 along with Ericaceae as tree pollen 
amounts fall. 
The pollen assemblages for Martons Both are divided into five pollen zones 
with zones MB-2 and MB-4 each split into two sub-zones. 
The pollen assemblage for MB-1 is dominated by Corylus (from 80%) along 
with Betula (up to 15%). Also present are: Pinus, Ulmus, Quercus, Salix, 
Gramineae, Cyperaceae, Aquatics, Filicales and Sphagnum (all <1%). Pollen 
sub-zone MB-2a is dominated by falling values of Corylus (up to 80%) along 
with Betula and Ulmus (up to 15%) and Quercus (up to 10%). Also present are: 
Pinus, Quercus, Salix, Cyperaceae, Aquatics, Pteridium, Filicales and 
Sphagnum (all up to c. 1%).  Sub-zone MB-2b is dominated by fluctuating 
Corylus (up to 70%) values along with Betula (up to 25%), Pinus, Ulmus and 
Quercus (all up to 10%). Also present are: Alnus, Salix, Gramineae, 
Cyperaceae, Ericaceae, Plantago, Aquatics, Pteridium and Filicales (all <1%). 
Pollen zone MB-3 is dominated by fluctuations of Cyperaceae and Corylus (up 
to 65%) and Filicales (up to 55%) along with Pinus (up to 25%), Quercus and 
Betula (up to 10%) and Ulmus and Alnus (up to 5%). Also present are: 
Fraxinus, Salix, Gramineae, Ericaceae, Aquatics, Polypodium and Pteridium (all 
<1%).  
Pollen sub-zone MB-4a is dominated by falling values of Corylus (from 50%) 
along with Cyperaceae (up to 30%), Quercus (up to 25%), Alnus and Pinus 
(10%), Ulmus and Betula (both up to 5%). Also present are: Tilia, Salix, 
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Gramineae, Ericaceae, Plantago, Aquatics, Polypodium, Pteridium, Filicales 
and Sphagnum (all <1%). Sub-zone MB-4b is dominated by fluctuating amounts 
of Corylus and Cyperaceae (up to 50%), Sphagnum (up to 40%), Quercus (up 
to 25%), Alnus (up to 20%) and Ulmus (up to 15%) along with Betula and Pinus 
(up to c. 5%). Also present are: Tilia, Salix, Gramineae, Ericaceae, Plantago, 
Aquatics, Polypodium, Pteridium and Filicales (all <1%). The pollen assemblage 
for MB-5 is dominated by fluctuations of Cyperaceae (from 65%) along with 
Corylus (up to 30%) Alnus (up to 20%) and Quercus (up to 10%). Also present 
are: Betula, Pinus, Ulmus, Tilia, Fraxinus, Salix, Ericaceae, Plantago, Aquatics, 
Polypodium, Pteridium, Filicales and Sphagnum (all <1%). 
Summary 
The basal pollen assemblage at Martons Both is dominated by falling values 
of Corylus. The arboreal theme continues in sub-zone MB2a with fluctuating 
Corylus values along with rising amounts of Betula, Ulmus and Quercus. In sub-
zone MB-2b, hazel values begin to fall as do birch while elm, oak and pine 
increase. Cyperaceae amounts begin to increase at the top of the sub-zone to 
dominate pollen zone MB-3.  Corylus values increase along with Pinus, Filicales 
and Quercus while values of birch, elm and alder decrease. In pollen sub-zone 
MB-4a values of Corylus fall along with Cyperaceae, Quercus, Alnus and Pinus, 
while Ulmus increase. Fluctuating amounts of Corylus, Cyperaceae, Quercus, 
Alnus characterize sub-zone MB-4b while pollen zone MB-5 is dominated by 
fluctuations of Cyperaceae. 
Radio-carbon dates associated with the sites of Bartley et.al. (1990) indicate 
that their vegetational history extends from the end of the Late Glacial to the 
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present day.  Bartley et al. (1990) discuss the early immigration of Pinus and 
Alnus in relation to climate change, changes in soil and human interference and 
suggest that up until the Ulmus decline c. 5000 B.P., (Bartley et al., 1990: 
p.628), although humans were present in the area, they were probably not a 
major influence on the vegetation of the region. However, they advocate that 
after the Ulmus decline the interference of humans was of importance in 
determining vegetational history with differing intensities on different soils. 
 An unpublished pollen diagram from Hebden Moor was produced by Hodge 
and Watts in 1977. The diagram was not zoned, however, a series of 
uncalibrated radio-carbon dates allow a brief interpretation of the vegetation of 
the moor to be chronologically described: at 5900B.P. The vegetation was 
dominated by Corylus (c. 50%) and Cyperaceae (c. 30%) with Alnus, Betula, 
Pinus, Ulmus, Quercus and Sphagnum (all c. 10%). Also present was Calluna, 
Rosaceae, Potentilla, Umbelliferae and Rumex (all <1%). At 4892 B.P., the 
pollen suite was again dominated by Corylus (c. 40%), along with Alnus (c. 
25%), Gramineae and Cyperaceae (c. 20%), Quercus, Betula and Sphagnum 
(all c. 15%). Also present was: Pinus, Ulmus, Salix, Caryophyllaceae, Potentilla, 
Rumex, Filicales and Polypodium (all <1%). At 4211 B.P., the dominant 
vegetation was again Corylus (c. 45%) along with Sphagnum c. 35%), Alnus, 
Quercus, Betula (all c. 15%) and Ulmus (c. 5%). Also present were: Pinus, 
Salix, Plantago, Umbelliferae, Filicales and Pteridium (all <1%). AT 2093 B.P., 
the vegetation was dominated by Calluna (c. 60%) along with Sphagnum (c. 
40%), Cyperaceae and Gramineae (both c.15%), Corylus, Alnus, Quercus and 
Betula (all c. 5%). Also present were: Pinus, Ulmus, Salix, Plantago, 
Caryophyllaceae, Ranunculaceae, Compositae, Potentilla, Rumex, Filicales and 
Pteridium (all <1%).  
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3.3 Pollen analysis in the north of England 
The previous section reviewed palynological research in the Yorkshire 
Dales. In this section, the scope of the review is widened to the rest of northern 
England glaciated at the time of the Late Glacial Maximum (LGM).  
Walker (1955a) examined the pollen in Skelsmergh Tarn and Kentmere 
Tarn in what was formerly Westmorland (now part of Cumbria). He found that 
during the Godwin Zones I, II and III (see Table 2.3), the vegetation oscillated 
from an herbaceous dominance to Betula woodland then back to an 
herbaceous community. He took to this oscillation to be the Allerød interstadial. 
Walker found that Godwin’s Zones IV and VI were dominated throughout by 
birch – a feature he thinks may partly be due to mire-inhabiting birches around 
the lakes, with pine virtually excluded. He also noted that lime failed to invade 
the area until after the alder expansion at the end of Zone VI although the most 
marked vegetational change in these zones is the sudden expansion of hazel. 
During Zone VIIa, he thinks that alder was occupying the wetland habitats such 
as the lake, streamside and fens. He also notes the establishment of Fraxinus 
as well as evidence of forest clearance and the appearance of Plantago 
lanceolata which he takes as evidence of Mesolithic clearance at the top of the 
zone. Indeed, he says that the most notable vegetation changes after Zone 
VIIa, reflect those produced by human activity with cycles of woodland 
clearance, recolonisation and further clearance. 
Smith (1958) looked at Helton Tarn and a former lake near Witherslack Hall, 
two Westmorland lake deposits dating from the Late-glacial. Pollen analysis 
revealed Betula as being the dominant species in the Godwin Zone I (see Table 
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2.3) at both sites as well as curves for Salix, Poaceae, Cyperaceae and Rumex. 
This is followed by a well marked oscillation during Godwin Zone II in which the 
herb pollen ratio increased for a short period after which Betula, Salix, Poaceae, 
Cyperaceae and Rumex again are the major components of Zone III. The post 
glacial pollen zones from the two lake deposits show Betula still dominating the 
pollen record although a steep rise in Alnus occurs at the start of Zone VII at the 
start of the Atlantic period (see Table 2.3). The Elm decline is distinguishable in 
both diagrams as is the presence of Plantago lanceolata which Smith regards to 
be the result of the first agricultural practices in the area.  
Smith (1959) described the stratigraphy and pollen data from Helsington 
Moss, Foulshaw Moss and Nichols Moss in Westmorland. He found that the 
Mosses began in the Atlantic epoch (see Table 2.3) as fen and reed swamps 
that formed on estuarine clay and the pollen of Alnus is present from the base 
upwards. Pollen of Tilia is present in all the diagrams along with curves of 
Ulmus and Betula. The Ulmus decline is defined in all three diagrams and is 
followed immediately by rises in Betula Gramineae and Plantago lanceolata 
which he takes to indicate Neolithic farming practices. He suggests the major 
Betula curve may be due to the colonization of abandoned fields by birch. He 
also noted abundant weed pollen at a time when the bog surfaces dried out and 
attributes this to intense agricultural activity. 
Oldfield (1960) analysed pollen cores from Haweswater, Silverdale Moss 
and Thrang Moss in ‘Lowland Lonsdale’, an area he describes as being a small 
distinctive coastal area on the borders of north Lancashire and Westmorland. 
The lowest pollen bearing samples contained Artemisia and Helianthemum 
along with grasses, sedges and ferns as well as low amounts of Betula. He 
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suggested this indicated an almost treeless tundra landscape which developed 
under a severe climatic regime which he attributed to the interstadial of 
Godwin’s zone I (see Table 2.3). Initial colonization by Salix and Juniperus 
occurs in Zone II although Betula still dominated. Hippophäe was recorded in 
Zone II as was Plantago coronopus, Thalictrum, Filipendula and Empetrum. 
Betula was still dominant in Zone III with no substitution of herbaceous 
communities for birch tundra although after comparing this zone with spectra 
from contemporary sites nearby, Oldfield thinks that his study area was more 
favourable to tree and shrub communities than other sites. Birch again 
dominated in the early post-glacial period although by the beginning of Zone VI, 
Corylus had colonized most of the area and, by the end of the zone, Pinus had 
become the dominant species and Alnus was noted for the first time. With the 
establishment of Alnus in Zone VII, there was little change in the pollen 
frequencies until the elm decline and the appearance of Plantago lanceolata 
which he takes to indicate probable deforestation by humans. There were also 
increases in the frequencies of Corylus, Fraxinus and Tilia.     
Bartley (1962) examined pollen from lake deposits near Tadcaster in 
Yorkshire and produce pollen diagrams in which the main interest was the Late-
glacial period. Using the basic zonation of Godwin (1975) (see Table 2.3), he 
divides Zone I into three sub-zones. At the base of sub-zone Ia, the pollen rain 
consisted of grasses, Betula nana, Artemisia and Lycopodium selago with 
Empetrum, Rumex, Plantago major and Rubiaceae near the top of the sub-
zone. Sub-zone Ib with a possible temperature amelioration sees the 
appearance of tree birch and Thalictrum. In sub-zone Ic, Helianthemum and 
juniper are introduced. Zone II sees a decline in Betula nana along with most 
herbs with the exception of Filipendula and the establishment of tree birch. 
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Zone III sees a sharp fall in tree birch and an increase in Betula nana and 
Artemisia, Thalictrum and Lycopodium selago. The end of the Late-glacial is 
marked by a rapid expansion of tree birch and the disappearance of Betula 
nana and most herbs as a closed woodland develops. Bartle did not interpret 
Zone IV because of problems with contamination by downwash. Zone V has a 
rapid rise in Corylus and Pinus.  There is also a small amount of Ulmus in this 
zone. Zone VI has an increase in Quercus, Pinus and Ulmus although at the 
end of the zone, Ulmus and Quercus along with Corylus decline. In Zone VII, 
Pinus declines while Alnus suddenly rises. Above this level, the whole deposit is 
covered by an erosion deposit of silty soil which Bartley presumes is caused by 
forest clearance.        
Bartley (1965) analysed Late- and early Post-glacial pollen sequences from 
two lake deposits near Bamburgh Northumberland. There are no pollen records 
for Godwin (1975)’s Zone I (See Table 2.3). Zone II is dominated by Juniperus 
and then Betula. Zone III, like zone I has no pollen records. The pollen record 
for Zone IV indicates an open vegetation with some birch trees. Zone V starts 
with a rise in Corylus while Betula and Salix values remain high. Zone VI has 
high Corylus and Betula values along with Quercus and Ulmus. Alnus appears 
for the first time. Zone VIIa sees Alnus values rise while Quercus, Ulmus and 
Betula values fall while in Zone VIIb, Alnus values rise again as do Poaceae 
and Cyperaceae and small amounts of Plantago lanceolata appear.  
Oldfield and Statham (1963) investigated stratigraphic and pollen analytical 
data from Urswick Tarn and Ellerside Moss in north Lancashire. They found that 
their pollen diagrams record the local ecological history from the early Post-
glacial period onwards with the elm decline clearly marked. They used the 
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zonation of Godwin (1956) (see Table 2.3) and begin their pollen analysis at 
Zone VI which they divide into five sub-zones. Sub-zone VIa1, is dominated by 
Betula and Corylus. In sub-zone VIa2, Corylus and Betula amounts are reduced 
and amounts of Ulmus pollen rise.  Sub-zone VIb1, begins with rises in Quercus 
and Ulmus amounts and a fall in Betula. This is followed by a short phase of 
high Betula and Corylus amounts while a sharp increase in Quercus and a 
further reduction of Corylus amounts occurs in sub-zone VIb2. Sub-zone VIc 
sees Pinus values reach their maximum whilst frequencies of Corylus and 
Ulmus are low. 
The transition to Zone VIIa is marked by a fall in the percentages of Pinus 
an increase in amounts of Corylus and Ulmus, and a major increase in Alnus 
pollen. Zone VIIb, is marked by the Ulmus decline and the first record of 
Plantago lanceolata. Oldfield and Stratham postulated that most of the pollen 
changes occurring after the elm decline were the result of successive periods of 
human interference. They illustrate this as a series of episodes which are 
reviewed briefly. Episode (a) post elm decline, elm values remain low and 
Plantago lanceolata is still recorded. Episode (b) there are increases in Ulmus, 
Fraxinus and Tilia. Plantago amounts are reduced. Episode (c) has low Tilia 
values and varying amounts of Ulmus as well as fluctuating amounts of 
Plantago and Pteridium. Cereal is recorded at the start of this episode. In 
episode (d), higher Ulmus, Tilia and Fraxinus values are matched by lower 
weed and Pteridium values. Episode (e) has varying amounts of Ulmus and 
Fraxinus coinciding with high frequencies of weed, grass and bracken. In 
episode (f), the frequencies of all the main arboreal pollen fluctuate widely. 
Episode (g) begins with a reduction in Alnus and Quercus frequencies while 
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weeds, grass and bracken rise. There is also a rise in Pinus and Fraxinus 
frequencies relative to those of other pollen types.  
Simmons (1969) presented four pollen diagrams from the North York Moors. 
The diagrams are from Moss Swang, Lady Bridge Slack, Collier Gill and North 
Gill. Simmons used the Godwin zonation (see Table 2.3) to interpret the pollen 
assemblages. The pollen diagrams span zones V-VIIb. Zone VIIb is divided into 
a series of sub-zones A-D which refer to individual diagrams. Simmons 
recognises two Ulmus declines as local horizons UD1 and UD2 and draws a 
further local horizon where Tilia finally declines and Fagus appears (TF).  
Moss Swang 
Zones V and VI are dominated by Corylus, Pinus and Betula with 
Gramineae, Cyperaceae, Filicales and Sphagnum. Zone VIIa, is dominated by 
Quercus along with an abundance of Corylus. There are also amounts of 
Rumex, Chenopodiaceae, Compositae and Melampyrum inferring a minor 
opening of the woodland canopy. Zone VIIb, has both UD1 and UD2 with sub-
zone A in between (see above). Although Quercus is still dominant, the sub-
zone is characterised by an occurrence of Plantago lanceolata a rise of 
Melampyrum and a pollen curve for Fraxinus. The same pattern continues 
through sub-zone B until the TF horizon at the start of sub-zone C where the 
first occurrence of cereal pollen is noted and accompanied by increased 
abundances in Melampyrum and Pteridium. The arboreal assemblage for this 
sub-zone sees high values of Fraxinus while Corylus levels are maintained and 
values of Quercus and Betula fluctuate. In sub-zone D, the first grains of Fagus 
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occur; Betula and Fraxinus values remain high possibly as pioneer species, and 
clearance indicators Cruciferae and Plantago major appear. 
Lady Bridge Slack 
At Lady Bridge Slack, zone VIIa is dominated by Quercus along with high 
Ulmus values and low amounts of Pinus and a presence of Tilia. Just before 
UD1, there are peaks of Plantago lanceolata, Pteridium, Artemisia and 
Compositae suggesting a short phase of woodland clearance. This is reflected 
in the tree pollen by sudden peaks of Alnus and a decline in Corylus. In zone 
VIIb there is a second Ulmus decline (UD2) and sub-zone A is between them. 
There is evidence for forest clearance the sub-zone although increasing 
amounts of Quercus may reflect re-colonisation of areas previously cleared, 
possibly corroborated by low Fraxinus levels. Sub-zone B has increased 
amounts of Rumex, Pteridium, Plantago Urtica and Compositae - possibly 
indicating human activity – with Spergula appearing towards the TF horizon at 
the sub-zone top. In sub-zone C, the frequency of clearance indicators 
diminishes although Fraxinus values are still high. Amounts of Betula are 
thought to be local at this time and Fagus appears for the first time in this 
assemblage. Sub-zone D sees another rise in clearance indicators with high 
values for Plantago lanceolata, Compositae, Pteridium and Spergula avensis, 
along with Chamaenerion. There are also high amounts of Calluna, Cyperaceae 
and Gramineae. 
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Collier Gill 
The zone VI pollen assemblage for Collier Gill is dominated by high Pinus 
and low Alnus values. As the values for Pinus decline towards the top of the 
zone, amounts of Alnus and Quercus rise. Zone VIIa is dominated by Quercus, 
Betula and Ulmus. Peaks in the frequencies of Melampyrum and Pteridium 
indicate a possible opening of the woodland canopy may have occurred. In 
zone VIIb, sub-zone A sees an expansion of Betula pollen as Quercus, Ulmus 
and Tilia start to diminish along - with Pteridium – upwards from the sub-zone 
base. Sub-zone B sees clearance indicators increase rapidly with rises in 
Calluna, Gramineae and Cyperaceae along with Pteridium and Plantago. 
Cereal and Fagus also appear in this sub-zone.  
North Gill 
At North Gill, there is no pollen zone VI. The pollen assemblage for zone 
VIIa comprises of Rumex, Artemisia and Pteridium in the basal layer. These are 
succeeded by isolated peaks of Salix and Pinus and high amounts of Alnus and 
Corylus along with Rumex. Near the top of the zone, are high Pinus and Betula 
values paralled by high amounts of Rumex and reductions in amounts of 
Quercus and Ulmus. In zone VIIb, evidence for two Ulmus declines can be seen 
(UD1 and UD2) in between them is sub-zone A dominated by Corylus with, at 
the top indications of clearance activity by increases in Plantago and Pteridium 
and the occurrence of Cereals. Between UD2 and TF, sub-zone B highlights a 
phase of increased clearance while sub-zone C, high values for Plantago 
lanceolata and Pteridium and the occurrence of Fagus, mark a high clearance 
phase.   
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Turner and Kershaw (1973) analysed samples from Cranberry Bog. Their 
pollen diagrams were zoned using Godwin’s zonation (Table 2.3) and show 
deposition on the bog from Zone II onwards. The pollen rain for Zone II shows 
low birch pollen frequencies which only rises to 15% at the end of the top of the 
zone. Juniperus is the dominant taxa and Filipendula, Empetrum, 
Helianthemum, Artemisia, Rumex and Thalictrum are sub-dominant.  The Zone 
III pollen assemblage is differentiated from Zone II by lower frequencies of 
Juniperus, Filipendula Empetrum and Helianthemum, and higher amounts of 
Artemisia, Rumex and Thalictrum. In Zone IV, Juniperus rises again to 
dominate at the beginning of the zone and then gives way to rising amounts of 
Betula. Zone V sees the introduction and spread of Corylus and Pinus whilst in 
Zone VI, Quercus and Ulmus are introduced. Turner and Kershaw experienced 
problems in pollen zonation between Zones VI and VIII when it appears that no 
peat formation took place in either the Atlantic, (Zone VIIa), or the Sub-boreal 
(Zone VIIb). And that the bog started to grow again in the Sub-Atlantic (Zone 
VIII). They hypothesize that de-forestation in the catchment area may have 
indirectly affected the water table of the bog either by soil from the cleared 
areas impeding or blocking the outflow or by increased water amounts reaching 
the bog due to faster run off from the de-forested soils.  
Pennington (1975) compared 14C dated pollen diagrams from Blelham Bog 
northwest England and Cam Loch northwest Scotland. The diagrams were sub-
divided into chronozones Bølling, Older Dryas, Allerød and Younger Dryas 
(between c. 13.5 and 10 ka BP) (Table 2.3) and the boundaries were defined in 
(uncalibrated) 14C years. The dominant vegetation of the Bølling chronozone at 
Blelham Bog was Juniperus at the base of the chronozones. This was 
succeeded by Betula at the chronozone’s top. Also present were Salix, 
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Gramineae, Cyperaceae, Rumex, Thalictrum, Filipendula, Artemisia, 
Myriophyllum, Pinus, Compositae, Rubiaceae, Empetrum and Hippophae. 
Caryophyllaceae are present at the zone base but drop out by mid-zone. At 
Cam Loch, the Bølling chronozone is dominated by Juniperus and Rumex. Also 
present were Pinus, Empetrum, Artemisia, Salix, Cyperaceae, Gramineae and 
Filicales.  
The Older Dryas chronozone vegetation at Blelham Bog was still dominated 
by Betula and Juniperus along with Rumex. Also in this chronozone were Salix, 
Gramineae, Cyperaceae, Thalictrum, Filipendula, Artemisia, Myriophyllum, 
Pinus, Compositae, Rubiaceae and Empetrum. Hippophae was present at the 
bottom of the chronozone. At Cam Loch the chronozone is dominated by 
Artemisia and Rumex along with Pinus, Empetrum, Juniperus, Artemisia, Salix, 
Cyperaceae, Gramineae and Filicales.  
The Allerød chronozone at Blelham Bog is dominated by Betula and 
Juniperus along with varying amounts of Salix, Gramineae, Cyperaceae, 
Rumex, Thalictrum, Filipendula, Artemisia, Myriophyllum, Pinus, Compositae, 
Rubiaceae and Empetrum. Caryophyllaceae and Hippophae were present at 
the top of the chronozone. At Cam Loch the chronozone base is dominated by 
Cyperaceae, Empetrum and Betula whilst the top of the chronozone is 
dominated by Cyperaceae, Selaginella and Betula. Also present were Pinus, 
Thalictrum, Juniperus, Artemisia, Salix, Cyperaceae and Filicales along with 
Caryophyllaceae, Compositae, Ranunculus and Saxifrage. 
The Younger Dryas at Blelham Bog moved from a Rumex and Artemisia 
dominated vegetation to Gramineae, Thalictrum, Rumex and Empetrum mid 
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Zone and ending the zone with Juniperus dominating the chronozone. Salix, 
Cyperaceae, Filipendula, Myriophyllum, Pinus, Compositae, Rubiaceae and 
Empetrum. At Cam Loch, the Younger Dryas vegetation changed from 
Cyperaceae, Thalictrum and Rumex at the base to Juniperus and Empetrum 
domination at the top of the chronozone.  
Pennington (1977) produced a synthesis of pollen spectra from Late 
Devensian flora published between 1970 and 1977 from sites on a transect 
from north to south on the western side of Britain. Pennington identified three 
Late Devensian time zones which are briefly reviewed below and then 
synthesised the Late Devensian environments at Windermere (see Blelham 
Bog, above). Before 13000 B.P. Pennington identifies two broad pollen 
assemblage zones (p.a.zs.)  in this time zone. (i) Salix - Cyperaceae – 
Lycopodium selago before ca. 1400 B.P. and (ii) Rumex – Gramineae along 
with Filipendula, Hippophäe, and Typha latifolia, taxa suggestive of climatic 
amelioration, between 14,000 and 13,000 B.P. Between 13,000 and 11,000 
B.P., Pennington identifies four distinct p.a.zs in the English Lake District. 
These are a Juniperus p.a.z. between 13,000-12,500 B.P., a Betula p.a.z 
between 12,500-12,000 B.P., a Betula-Rumex p.a.z. between 12,000-11,800, 
and a Betula- Juniperus p.a.z. between 11,800-11,000 B.P. In Northern 
Scotland, Pennington identifies a Rumex-Empetrum-Juniperus p.a.z. between 
c.a. 13,000-12,000, a Rumex-Artemisia p.a.z. between 12,000-11,800 B.P. and 
an Empetrum-Cyperaceae-Juniperus p.a.z. between 11,800-11,000 B.P. 
Between 11,000-10,000 B.P., Pennington identifies three p.a.z.’s. which cover 
most parts of the British mainland. Between 11,000-c.a. -10,500 two p.a.z.’s are 
identified (i) Rumex-Artemisia, Artemisia-Rumex, Artemisia-Caryophyllaceae 
and (ii) Gramineae-Rumex-Betula nana, Gramineae-Cyperaceae, Salix-
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Cyperaceae, Gramineae-Cyperaceae, whilst (iii) between c.a. 10,500-10,000, 
Pennington writes of “Herb dominated p.a.z.s containing much grass, sedge 
and Rumex pollen”.   
Simmons (1994) re-visited North Gill on the North York Moors (see above) 
to investigate the Mesolithic - Neolithic transition, producing three high 
resolution pollen diagrams (North Gill 4, North Gill 6 and North Gill 7) at one 
millimetre intervals. Each of the diagrams is split into local pollen assemblage 
zones (LPAZ’s).  
North Gill 4 (670-770mm)  
The first three pollen zones of NG4 (NG4D2-a to NG4D2-c) are dominated 
by Alnus with fluctuating values for Corylus/Myrica and Quercus. Values for 
Ulmus and Betula remain constant. There are fluctuating amounts of Rumex 
and a few grains of Pteridium and Melampyrum. NG4D2-d sees values for 
Alnus start to fall and Corylus/Myrica rise substantially from the zone base. 
Ulmus also rises from the bottom of the zone and Betula amounts rise from the 
middle of the assemblage. The values for Rumex fall away mid-zone while 
Pteridium has two small peaks near the zone boundary. A few grains of 
Melampyrum are present from mid-zone upwards. In NG4D2-e, Corylus/Myrica 
and Quercus values rise substantially while Alnus amounts fall to mid-zone 
when they start to recover. Ulmus and Betula amounts continue to fluctuate 
before diminishing slightly towards the zone top. Melampyrum, Rumex and 
Pteridium amounts remain intermittent throughout the zone. NG4D2-f sees 
major peaks in Corylus/Myrica and Betula while the Alnus values fall before 
recovering near the zone top while values for Ulmus fluctuate slightly. Values 
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for Melampyrum increase from the middle of the zone upwards while Pteridium 
has two small peaks suggesting an opening of the canopy before diminishing at 
the zone top. NG4D2-g has fluctuating values of Corylus/Myrica, Alnus and 
Quercus. Values for Ulmus and Betula remain constant. No herbs were present 
in this zone. 
North Gill 6 (780-830mm) 
The pollen assemblage for North Gill 6 is dominated by high values of Alnus 
with varying fluctuations in the concentrations of Corylus/Myrica, Quercus, 
Ulmus and Betula. NG6D2-b and NG6D2-d have small peaks of herbs Rumex, 
Melampyrum and Pteridium while in NG6D2-f, the herbs are constant 
throughout the zone. 
North Gill 7 (780-820mm) 
NG7D2-a, has large constant values of Corylus/Myrica, Alnus and Quercus. 
Betula and Gramineae fluctuate while Pinus values rise. There a few grains of 
Rumex and Melampyrum and a small peak of Pteridium. NG7D2-b again has a 
large Corylus/Myrica content, values of Gramineae Alnus and Quercus fall, 
Betula amounts fluctuate and Melampyrum and Pteridium rise. In NG7D2-c, 
Corylus/Myrica amounts are constant Alnus, Betula and Quercus values rise, 
Gramineae amounts diminish and Pinus values fluctuate. There are a few 
grains of Melampyrum and a small Pteridium peak at the top of the zone. 
NG7D2-d is distinguished by rising values in Corylus/Myrica, Pinus and Betula 
while Gramineae, Alnus and Quercus amounts fluctuate. There are a few grains 
of Rumex and Epilobium, while Melampyrum and Pteridium values fluctuate. In 
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NG7D2-e, Alnus, Quercus and Gramineae values rise, while amounts of 
Corylus/Myrica, Betula and Pinus amounts remain constant. There are a few 
grains of Rumex, Melampyrum and Pteridium. The pollen assemblage for 
NG7D2-f sees Corylus/Myrica amounts fall and values for Alnus and Gramineae 
rise. Quercus values remain constant while Pinus and Betula amounts fluctuate. 
Melampyrum and Pteridium amounts also fluctuate. NG7D2-g is distinguished 
by rising amounts of Alnus and fluctuations in values of Corylus/Myrica, 
Gramineae, Quercus and Pinus. Betula values remain constant.  
The pollen stratigraphy at North Gill on the North York Moors was revisited 
by Innes and Simmons (2000) to investigate the fire history and palaeoecology 
in the mid-Holocene (North Gill 6), and Innes and Blackford (2003) to 
investigate late Mesolithic woodland disturbances at North Gill 5b. 
North Gill 6 
The pollen diagram by Innes and Simmons for North Gill 6 was taken from 
the basal meter of the core and sampled at 1cm intervals. Seven pollen zones 
were identified. Zones A, C and E were identified as disturbance zones. These 
were dominated by amounts of Betula, Corylus and Pinus as well as variable 
amounts of Alnus and Poaceae. Salix peaks were identified in zones C and E. 
There were also peaks of dwarf shrubs, mainly Calluna as well as Melampyrum 
and Pteridium. Zones B, D and F were distinguished by high levels of Quercus; 
while zone G is defined by a fall in Ulmus and rises in Plantago lanceolata and 
Pteridium.  
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North Gill 5b 
The core at North Gill 5b discussed by Innes and Blackford is taken from the 
basal peat. The sampling interval is 1cm and the diagram is divided into seven 
zones. Zone A has high Betula and Corylus frequencies and low amounts of 
Quercus and Alnus. Ulmus and Pinus quantities are constant. There are high 
Sphagnum amounts and peaks of Melampyrum and Rumex. In zone B, Corylus 
amounts remain high while Pinus remains constant. Betula values decline while 
Quercus and Alnus start to rise. Melampyrum and Rumex decline. Zone C has 
increasing frequencies of Alnus, Salix and Quercus along with stable values of 
Tilia while Corylus, Betula and Pinus values decline. High values of 
Cyperaceae, Poaceae and Pteridium indicate an open site while the 
introduction of Succisa indicates damp woodland pasture. There is also an 
increase in Rosaceae.  
The assemblage for zone D has falls in amounts of Alnus and Quercus as 
well as Salix, Pteridium and Tilia. Rumex, Succisa and Potentilla type may 
suggest some disturbance pressure. Betula and Corylus values remain stable 
while values of Cyperacae and Rosaceae along with Poaceae rise late in the 
zone. In zone E Alnus, Tilia, Salix and Pteridium rise as do Quercus and 
Corylus before subsiding. Rosaceae and Cyperaceae values also fall while 
Succisa and Potentilla values remain substantial. Zone F has substantial rises 
in values of Alnus and Quercus and falls in amounts of Pinus, Corylus and 
Betula suggesting the regeneration of deciduous tree cover. This is reinforced 
by sharp falls in Pteridium and other open habitat taxa. Zone G has similar 
pollen amounts to zone F with high values for Quercus and Alnus and lower 
amounts for open habitat taxa.    
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3.4 Conclusion 
This chapter has reviewed palynological analyses in the North of England to 
the north of the southern boundary of the Yorkshire Dales. In the next chapter 
the methodology undertaken to complete the research program is discussed 
along with the study sites.    
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4. Methods and study Sites 
4.1 Introduction 
This section describes the field and laboratory work undertaken in order to 
complete the research program and introduces the study sites. 
4.2 Site Selection 
The selection of sites in palaeoenvironmental studies is crucial, however, 
locations from which samples are collected must be chosen to fulfil the criteria 
of the particular study as every site is different (De Vleeschouwer et al. 
2010/2011). The sites  for this study were selected (a) by their proximity to 
known or suspected archaeological features and (b) by identifying drained mires 
or tarns from Ordnance Survey maps and local knowledge that are near to 
known or suspected archaeological sites and which may contain suitable 
sediment profiles for pollen analysis. The sites formed a transect stretching 
roughly from south-east to north-west along the line of the South Craven Fault 
(Figure 4.1). 
4.2.1 Attermire Mire 
Attermire mire, Grid Ref: SD 84195 63780, (Figure 4.2) was drained at the 
beginning of the Twentieth Century (King 1974). The basal geology at Attermire 
Mire is: Dinantian strata Halstead shales with Anhydrate of the Lower 
Carboniferous consisting of variable sequences of dolostones, dolomitic 
siliclastic silts and mudstones. These are overlain by alternating siltstones, 
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mudstones and thin limestones which in turn are overlain by a thick layer of 
limestones and shales (Arthurton et al. 1988). The local (Late Quaternary) 
geology is described in the Core Properties chapter. The AMS radiocarbon 
dates for the pollen diagrams were obtained from wood and peat from the core 
stratigraphy and can be seen in Table 5.1. 
4.2.2 Thwaite Tarn 
Thwaite Tarn, Grid Ref: SD 75920 69480 (Figure 4.3) is situated about 1km 
north-west of Austwick and below Robin Procter’s Scar and the Norber erratics. 
The basal geology consists of Silurian age laminated siltstones overlain by 
inter-bedded sandstones and siltstones (Arthurton et al. 1988). The local (Late 
Quaternary) geology is described in Chapter 5. The radiocarbon dates for the 
pollen diagram were obtained from wood and peat from the core stratigraphy 
and can be seen in Table 5.2. 
4.2.3 Rough Haw 
Rough Haw, Grid Ref: SD 95770 55100, (Figure 4.4) is situated on Flasby 
Fell about 5 km west of Skipton. The basal geology consists of Silurian 
mudstones overlain by interbedded sandstones, siltstone and mudstones with 
limestone conglomerates. These are overlain by these are overlain by 
alternating beds of undifferentiated sandstones and interbedded sandstones, 
siltstone and mudstones which are in turn overlain by sandstone, mainly 
coarse-grained. The local (Late Quaternary) geology is described in Chapter 5. 
Radiocarbon dates for the pollen diagram were obtained from peat from the 
core Stratigraphy and can be seen in Table 5.3. 
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4.2.4 Smearsett Tarn 
Smearsett Tarn, Grid Ref: SD 800 676, (Figure 4.5) is situated below 
Smearsett Scar, about 1.5 km east of the village of Feizor. The basal geology 
consists of:  Goredale limestone overlain by mudstone and siltstone. These in 
turn are overlain by Hardraw Scar Limestone containing chert nodules overlain 
by a band of mudstone and siltstones followed by alternating thin bands of 
limestone and mudstone with ironstone nodules and capped with a thicker band 
of Simonstone Limestone (Arthurton et al.1988). The local (Late Quaternary) 
geology was described in Chapter 5. The radiocarbon dates obtained from 
wood and peat from the core Stratigraphy can be seen in Table 5.4.  
4.3 Sampling Methods 
In order to palynologically investigate palaeoenvironments over time, a 
series of continuous samples must be obtained. Two of the most common 
methods of sampling for palaeoenvironmental reconstruction are by the use of 
soil monolith boxes or by taking sediment cores. Continuous monolith samples 
are ideal if an open face e.g. an exposed peat face is available or there is the 
option to dig a soil pit on site. However, for depths over ca. 1 meter the exposed 
face would have to be shored to avoid collapse. For the purposes of this thesis 
all the sites investigated were Sites of Special Scientific Interest and so 
permission for digging soil pits would not have been granted. Instead sediment 
cores were taken from the sites as described below.    
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4.4 Fieldwork 
A session of fieldwork commenced at the end of 2006 concentrating on 
obtaining samples for palynological study. Cores were extracted using either an 
Eijkelkamp modified Livingstone corer with a chamber length of 75 cm and a 
diameter of 5 cm, or a Russian corer (Jowsey 1965), with a chamber 50 cm 
long and a diameter of 5 cm. If the ground was compacted, an Eijkelkamp clay 
cutting shoe auger was used to cut through the hard surface. Cores obtained 
with the Eijkelkamp modified Livingstone corer were continuous and from the 
same borehole while cores taken with the Russian corer were obtained using 
the two-borehole technique and had a 10 cm overlap (De Vleeschouwer et al. 
2010). All core samples were wrapped in foil sandwiched between two layers of 
clingfilm and fastened to lengths of plastic guttering to minimise contamination 
of any sub-samples needed for radiocarbon dating as well as minimise damage 
during transportation. Cores were labelled with the site number, the core 
number and core length, as well as the profile top and bottom. The cores were 
then transported to the environmental science cold store at the University of 
Bradford and kept at 4ºC until required.   
The litho-stratigraphy of each site was identified by establishing cross-
cutting core transects across the sites. The cores were visually correlated on-
site and characterized following the descriptive system devised by Troels-Smith 
(1955), and incorporating modifications by Aaby (1986). Macrofossils e.g. wood 
were also recorded. The cores were sub-sampled at two centimetre intervals for 
pollen analysis at in the laboratory at the University of Bradford. Sub-samples 
were also taken for loss on ignition (see below). Suitable material was also 
extracted for radiocarbon dating.  
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4.5 Palynology 
Laboratory techniques in pollen analysis are necessary to remove 
extraneous matter and concentrate spores and pollen grains present in the 
sample and render them as visible as possible (Faegri and Iversen 1975; Moore 
and Webb, 1978; Mannion 1980). The main laboratory methods used to recover 
pollen from sediment are:  
1. Hydrofluoric acid maceration and acetolysis; 
2. Gravity separation in heavy liquids and Hydrofluoric acid maceration;  
3. Froth micro-floatation and Hydrofluoric acid maceration;  
4. Disaggregation, micropore sieving and gravity separation by swirling. 
(Faegri and Iversen 1975; Mannion 1980; Hunt 1985 Moore et al. 1991). 
The method used in this investigation was the fourth technique of “sieving 
and swirling”; mentioned above; a method developed by Hunt (1985) from pre-
Quaternary pollen extraction techniques and produces excellent results on both 
peats and lake samples (Hunt 1985). The sample size used was 1 cm3.This 
method employs the disaggregation of sediment in a 10% Potassium Hydroxide 
or Sodium Hydroxide solution. The coarse fragments and sands are removed 
by sieving through a 140 μm sieve. The coarse silts and fine sands are removed 
by repeated gentle swirling on a clock glass shaped pan keeping the pollen and 
spores in suspension while the denser silts fall out of suspension and are 
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discarded. The remaining suspension is washed on a 6 μm micropore sieve 
thus flushing out the clays and leaving the pollen and spores in the sieve. The 
remaining suspension is then stained with safranine and mounted on glass 
microscope slides using Gurr Aquamount to make permanent slides (Hunt 
1985). Pollen was identified using Moore and Webb (1978) and pollen type 
slides from the University of Bradford as well as the authors own 
photomicrography. Non-pollen Palynomorphs and algal spores were identified 
using Pals et al. (1980) van Geel (1976; 1978), van Geel et al. (1980/1981; 
1989). The description of pollen types follows Bennett et al. (1994) and the 
nomenclature is based on Stace (2001).   
4.5.1 Pollen Diagrams. 
Pollen diagrams were constructed using the Tilia database and TGView 
(Grimm 2004). Pollen zones were determined using CONISS, a Fortran 77 
program using stratigraphically constrained cluster analysis to quantitatively 
define the pollen zones (Grimm 1987).  
4.6 Organic Carbon Content 
The determination of weight percentage of the organic content of soil or 
sediment by loss-on-ignition (LOI). is based on heating samples in a muffle 
furnace to burn off the carbon (Gale and Hoare 1991; Rowell 1994; Heiri et al. 
2001).  Soils sampled in the field contain water, with amounts depending soil 
properties and weather conditions (Rowell 1994). Soil water content is 
determined by drying at 105ºC which results in oven dried soil. When an oven 
dried soil is heated to over 450ºC the organic matter is burnt off and the mass 
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loss between 105 and 420ºC is the loss on ignition (Gale and Hoare 1991; 
Rowell 1994). Sub-samples were extracted from the cores described above in 
this chapter. 
A crucible was weighed to three decimal places and the weight noted (M1-
Mass 1) about 5g of sediment was weighed into the crucible (M2) and oven 
dried at 105q C for 24 hours in order to remove the water content (M3). The 
sample was then removed from the oven and placed into a desiccating cabinet 
to cool. When cool, the sample was reweighed (M4) and placed in a furnace for 
24 hours at 420q C. This temperature was chosen because Scollenberger, 
(1945), in Gale and Hoare, (1991), argued that to base estimates of plant 
organic content on precise determination of organic carbon is unnecessary and 
that simple and rapid methods should be adequate for most work on Quaternary 
materials see Gale and Hoare (1991). Davies (1974), asserted that ignition of 
materials at 430 r 20q C for 24 hours overcame the loss of mass due to 
decomposition of carbonates at higher temperatures (Gale and Hoare 1991). 
However, Dean (1974), advocates that controlled loss-on-ignition with 
temperatures of up to 1000ºC may be required to determine the organic content 
of calcareous sediments. After 24 hours, the samples were removed from the 
furnace and placed in a desiccating cabinet to cool. The sample was the 
reweighed (M5).  
The percentage by mass lost on ignition was determined by the equation:  
100 [(M2 - M1) – (M3 – M1) / (M2 – M1) 
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4.7 Magnetic Susceptibility 
Magnetic susceptibility is a measure of how ‘magnetizable’ a material is 
(Dearing, 1994). There are five types of magnetic behaviour (Dearing, 1994). 
These are:  
1. Ferromagnetic; which covers the most highly magnetic substances like 
pure iron, cobalt and nickel though these are not normally found in the 
natural environment.  
2. Ferrimagnetic:  whose categories include magnetite and other iron 
minerals. 
3.  Canted or antiferomagnetic which include iron minerals like haematite. 
4.  Paramagnetic including biotite and pyrite. 
5. Diamagnetic which give weak or negative susceptibility values like 
quartz, organic material and carbonates. 
Whilst mineralogy allows additional information about the material such as 
its origin or the chemistry of its environment, the magnetic susceptibility of 
samples is analysed to provide information on the geochemistry of 
environmental materials (Dearing, 1994). As magnetic minerals are near-
ubiquitous in the natural environment and also highly sensitive to changes in 
environmental conditions, this makes them useful palaeoenvironmental 
indicators (Gale and Hoare, 1991).  
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It is, however, difficult to separate magnetic minerals in a pure form for 
investigation; especially fine grained minerals. Therefore, the bulk properties of 
minerals can be determined rapidly by measuring their magnetic susceptibility 
(Gale and Hoare, 1991 Dearing, 1994).   
Magnetic susceptibility will be used in this investigation for two reasons:  
1. High topsoil magnetic susceptibility readings may occur in at locations of 
former human habitation possibly caused by the heating effect of fires. 
This magnetic enhancement of topsoil may be too shallow and diffuse to 
be detected by conventional magnetometers. Topsoil readings can, 
however be measured by magnetic susceptibility (Dearing, 1994).  
2. Magnetic susceptibility studies of lake sediments may be useful for 
monitoring material influxes from the surrounding environment. Magnetic 
studies of lacustrine sediments may also be used for reconstruction of 
human activity in the catchment area or on the lake as humans impacting 
on an area may generate magnetic minerals that pass into the lake 
sediment by soil erosion or heavy metal contamination (Thompson and 
Oldfield, 1986). 
Samples for magnetic susceptibility may be analysed in one of three ways: 
1. Core scanning. This will measure the volume susceptibility of intact cores 
by passing them through a sensor and allowing measurements to be 
taken at different intervals.   
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2. Sub-sampling and packing the samples into plastic sample pots. This 
allows samples to be measured either wet or dry. However, care must be 
taken that samples are not in contact direct with metal so plastic spoons 
and knives must be used to sub-sample material and pack the pots. 
3. In the field using a sample probe. The sample probe is most effective for 
the detailed examination of sections and surfaces during excavation.  
A scan was made for microscopic tephra layers in the cores (Hall and 
Pilcher 2002), apart from a few shards in places, no major layers were 
encountered. 
4.8 Spheroidal Carbonaceous Particles (SCPS) 
Spheroidal carbonaceous particles (SCPs) are the product of incomplete 
combustion of the pulverised coal fragment or oil droplets (Wik and Renberg 
1991; Rose, Harlock and Appleby 1999; Yang et. al 2001) produced by the high 
temperature combustion of fossil fuels and are the product of the incomplete 
combustion of oil droplets or pulverised fragments of coal introduced to the 
furnace (Rose et al. 1999). SCPs usually have diameters of between 2-20μm 
although close to their source of production, they can be as large as 50μm 
(Rose, et al. 1999) and can be transported long distances in the atmosphere 
and deposited in remote areas (Yang et al. 2001).  
The accumulation of lake sediments can store a record of atmospheric 
pollutants that are deposited on to the lake and its catchment including SCPs. 
(Rose et al.1995) These began to be deposited around the middle of the 
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nineteenth century and were due to the increase of coal burning in the Industrial 
Revolution. SCP concentrations rose steadily through the late nineteenth and 
early twentieth centuries until the end of the Second World War when an 
increase in oil consumption caused a sharp increase in particle concentration. A 
further concentration peak occurred around 1970, followed by a general decline 
in particle concentrations (Rose et al.1995). 
Recently, studies have used SCPs to provide a chronological control in 
comparisons of peatland palaeohydrological records with climate records for the 
past ~ 200 years (Swindles and Roe 2006), while Blundell et al. (2008), have 
used SCPs as well as AMS radiocarbon dates for two new peat based climate 
records from sites in Ireland to provide a chronological framework for bog 
surface wetness records at both sites. 
Using the chronological control described by Swindles and Roe (2006), the 
appearance of SCPs on pollen slides in this study allow for the estimation of a 
date of 1850 AD at that part of the geochronology. 
4.9 Radiocarbon dates 
In order to obtain a temporal chronology on the pollen analysis, a 
combination of wood and peat samples were sub-sampled from each pollen 
core for AMS radiocarbon dates (see tables 5.1 to 5.4).  Radiocarbon dates 
were calibrated using Intcal04 (Reimer and Reimer 1993) using Oxcal. 
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4.10 Age-depth Models 
Palaeoclimatic and palaeoecological events can be reconstructed from 
sedimentary deposits such as those found in lakes, peat bogs and oceans by 
use of the measurement of microfossils, macrofossils, isotopes and other 
variables as proxy estimates of environmental and climatic conditions at the 
time of their deposition (Blaauw and Christensen 2011). The temporal inference 
of these proxy estimates have led to interest in fields of 210Pb dating, 14C dating, 
varved records and other dating methods (Heegaard et al. 2005) and so it is 
crucial to establish reliable relationships between the ages the age of the 
proxies and the depth at which they were deposited. Age-depth models can be 
used to study these environmental and climatic proxies along sediment depth 
and therefore through time (Blaauw and Christensen 2011). 
Using the statistical software “R” (Hornik 2011), age-depth models were 
produced using all SCP and 14C dates from the study sites in this thesis. Peat 
accumulation rates and their variability were constrained by prior information 
using the Bayesian age-depth software Bacon (Baseyian accumulation models 
(Blaauw and Christensen 2011). This software divides a core into thin vertical 
sections and models the accumulation rate of each section by sampling from 
prior distributions of accumulation rate and its variability. Potential outlaying 
dates were calibrated by applying a Student’s-t distribution with default 
parameters a = 3 and b = 4, and the Northern Hemisphere calibration curve 
were used.    
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4.11 Problems encountered with the fieldwork 
Two different types of corers were used to obtain sediment samples for this 
thesis: these were an modified Livingstone type piston corer and a Russian type 
coring head. The piston corer was used for Attermire Mire, Thwaite Tarn and 
Smearsett Tarn as this would be able to push through the stiffer lacustrine silt 
and clay deposits while for the peats at Rough Haw the Russian-type corer was 
deployed.  
4.12 Problems with sediment coring 
The piston corer consists of a chamber open at one end with a rubber 
sealed piston connected to a rod with a rope attached at the top and works on 
the principle of a bicycle pump: as the chamber is pushed into the ground, the 
chamber fills with sediment and the piston is pushed to the chamber top. The 
sample is extracted by pushing the piston back down the chamber. Care must 
be taken not to overfill the chamber when using the piston corer as this will 
compress the sample and may homogenise the sediment. As the Eijelkamp 
corer uses the same borehole, care must be taken when inserting the coring 
equipment (1) to make sure the correct depth is established and (2) that no 
sediment either falls into the borehole or is transported down the profile by the 
corer from the borehole sides. Care must also be taken that no sediment falls 
out of the coring chamber as the corer is being extracted from the borehole. 
There is a possibility that the discarded radiocarbon dates at Thwaite Tarn and 
Smearsett Tarn (Tables 5, 2 and 4.), were the result of peat catching on the 
corer barrel and being transported down the profile thus resulting in the 
chronostratigraphic incompatibilities encountered.  
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The Russian type corer has side filling semi-circular chamber which has a 
sharpened edge. The chamber is closed by means of a cover plate which 
extends beyond the width of the filling chamber. The corer is pushed into the 
peat in the closed position to the desired depth and then rotated clockwise for 
180º so the sharp edge of the chamber cuts into the peat and closes against the 
cover plate. Coring with the Russian corer uses two boreholes side by side 
allowing, because the chamber of the corer is closed, overlapping samples to 
be obtained. Because the cores are overlapping, care must be taken when 
measuring the correct depth so discrepancies do not occur. Care must also be 
taken to only rotate the coring chamber 180º or the sample will drop out of the 
corer.  Extra metre length rods can be added to the tops of both corers and are 
secured with a bayonet type fitting.  
It is possible that the coring methods used in this study may have 
contributed to the hiatuses encountered in the pollen assemblages. As 
discussed above, care must be taken to ensure that the entire sample is 
extracted when using the Livingston corer and none falls back into the bore 
hole. Also care must be taken the depth is correctly correlated when measuring 
on the core rods using the Russian corer on adjacent boreholes.  
4.13 Problems with Pollen concentration 
During the pollen preparation using the “swirling method” of Hunt (1985) in 
the laboratory, care must be taken when pouring the supernatant to make sure 
that it is poured into the sieve and not down the sink!  Also care is needed to 
make sure the correct sieve is used as, if the liquid destined to be poured into 
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the finer 6μ m is mistakenly poured into the coarser 140μ m sieve, the pollen will, 
again, be poured down the sink.  
4.14 Conclusion 
This chapter has described the field and laboratory methodology used to 
undertake the research program as well as introducing the study sites. In the 
next chapter, the core properties of soil moisture, organic content, magnetic 
susceptibility readings and age depth models along with the core stratigraphic 
characteristics will be described. 
  
103 
5. Core Properties 
5.1 Introduction 
The previous chapter described the methods undertaken in the field and 
laboratory to complete the research program. One core from each site was 
selected from detailed visual classification in the field following the approach of 
Troels-Smith (1955) and based on the assumption that most deposits are a 
mixture of various deposit elements (Aaby and Berglund 1986). The cores were 
then sub-sampled as described in the methodology. 
This chapter describes core properties of soil moisture, organic content and 
low frequency magnetic susceptibility readings along with the stratigraphic 
characteristics of the cores extracted from the study sites and the age-depth 
model for each site.  Each site will be assessed separately and the description 
will include a figure showing the stratigraphic profile of the site, a figure 
indicating the movement of the different core properties through the profile and 
a table presenting the results of radiocarbon analysis of suitable sub-samples. 
The results of the pollen analysis will be described in the next chapter. A 
dendrogram illustrating the means of core zonation can be found in appendix 1. 
5.2 Attermire Mire  
The local (Late Quaternary) geology for Attermire Mire is described below. 
For ease of interpretation the profile has been split into 11 zones each zone 
having the prefix AM (Attermire Mire) with AM-1 at the base and AM-11 at the 
top.  
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AM-1 2.45-2.35m. 
The stratigraphy (Figure 5.1) of this basal zone is grey clayey silt with the 
Troels-Smith (1955) characterisation Ag3 As1. Figure 5.2 indicates a drop in the 
water content of the zone from 19.94% to 29.22%, while the wt% organic 
carbon is low and ranges from 2.15% to 2.59%. The magnetic susceptibility 
readings diminish gradually from 16.9 to 12.4.  
The low water and organic contents of this zone indicate the inorganic 
nature of the clay substrate and, with this being the bottom layer of the core 
there is a distinct probability this reflects the barren environment of the 
landscape directly after de-glaciation as measurements of magnetic 
susceptibility in lacustrine sediments are highest during stadial episodes 
(Thompson and Oldfield 1986 p.121). 
 
AM-2 2.35-2.17m. 
The stratigraphy for the main part of AM -2 (Figure 5.1) is organic silty clay 
characterised as As Ag1. However, above 2.22m, the stratigraphy changes 
gradually to a humified woody peat and characterised as SH3 Dl1. (Figure 5.2.), 
indicates an initial sharp rise in the zones water content at the zone base 
followed by a gradually oscillating rise to the zone top. The wt% organic carbon 
rises slower at the zone base and then accelerates near the zone top coinciding 
with the stratigraphic change from clay to woody peat. Magnetic susceptibility 
levels fall sharply initially then gradually even out coinciding with the rise of 
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organic content, probably reflecting better vegetational cover and the soil 
stabilisation (Thompson and Oldfield 1986 p.122). There is a radiocarbon date 
of 9921±60 14C BP (11610-11519 cal. BP) at the top of this zone (Table 5.2).  
AM-3 2.17-1.95m. 
The stratigraphy of this assemblage (Figure 5.1) is characterised as 
humified woody peat Sh3 Dl1.  
Figure 5.2, shows low fluctuations in both the water and wt% organic carbon 
for the main part of the zone with a small increase in water and a larger 
increase in organics towards the zone top. Magnetic susceptibility levels remain 
constant for the greater part of the zone and then decrease slightly at the point 
where water and organics rise, probably as a result of the sediment becoming 
less lacustrine and turning more peaty. Magnetic mineral concentrations in 
peats are smaller than in lacustrine samples. This restricts the magnetic 
characterisation of the minerals (Thompson and Oldfield 1986).     
AM-4 1.95-1.61m. 
The stratigraphy of this pollen zone (Figure 5.1) is characterised as humified 
woody peat (Sh3 Dl1). Figure 5.2. indicates a high water and wt% organic 
carbon content. Both have small dips in percentages near the zone top with the 
drop in organics being more pronounced. Magnetic susceptibility levels remain 
low throughout the zone. There is a radiocarbon date of 8990±33 14C BP (9989-
9940 cal. BP) at the top of this zone (Table 5.1).  
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AM-5 1.61-1.39m. 
Pollen zone AM-5 (Figure 5.1) has been characterised as humified woody 
peat Sh3 Dl1. Figure 5.2. indicates high water and wt% organic carbon contents 
with only slight oscillations. After a small peak near the zone base, magnetic 
susceptibility levels remain low throughout the zone with little fluctuation. The 
small peak may be caused by the dips in water and organic content observed in 
the previous zone and may be a delayed occurrence caused by changes in peat 
conductivity.  
AM-6 1.39-1.05m. 
The stratigraphy of this zone (Figure 5.1) has been characterised as 
humified woody peat Sh3 Dl1. Figure 5.2. indicates fluctuating high water and 
wt% organic carbon contents both of which have small peaks at the zone top. 
Magnetic susceptibility values remain low in this zone with a small peak 
occurring neat the zone top just before the peaks for water and organic content. 
This again may be caused by possible changes in peat conductivity levels. 
There is a radiocarbon date of 8630±40 BP (9678-9533 cal. BP) at the top of 
this zone (Table 5.1).   
AM-7 1.05-0.77m. 
The Troels-Smith (1955) stratigraphic characterisation of AM-7 (Figure 5.1) 
is humified woody peat Sh3 Dl1. Figure 5.2. again indicates high water and wt% 
organic carbon contents with small oscillations. Magnetic susceptibility levels 
are low throughout the zone with slight fluctuations.   
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AM-8 0.77-0.51m. 
The Troels-Smith (1955) characterisation (Figure 5.1) for the stratigraphy of 
this pollen assemblage zone is humified woody peat (Sh3 Dl1). Figure 5.2. 
indicates fluctuations in the water content in the middle of this zone after an 
initial slight fall at the zone base. The wt% organic carbon content falls sharply 
at the zone base, rises to a small peak just above mid zone before falling again 
and then rising at the zone top whilst magnetic susceptibility levels fluctuate 
throughout the zone. The curves for the soil moisture content and wt% organic 
carbon values roughly mirror the curve for woodland species in zone AM-8 in 
Figure 6.1 in the next chapter. 
AM-9 0.51-0.25m. 
The stratigraphy of AM-9 is (Figure 5.1) is characterised as humified woody 
peat Sh3 Dl1. Figure 5.2. indicates a steady decline in water content as the 
zone progresses to a substantial drop in moisture amounts near the zone top. 
This is followed by a sharp increase in water amounts to the top of the zone. 
The wt% organic carbon content fluctuates through the greater part of the zone 
before falling sharply at the zone top whilst after an initial dip, the magnetic 
susceptibility levels rise asymmetrically to the water content through the zone, 
peaking as the water content dips and the falls slightly with the rise in moisture 
amounts. There is a radiocarbon date of 4755±31 14C BP (5586-5332 cal. BP) 
near the bottom of this zone (Table 5.1).  
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AM-10 0.25-0.09m. 
The Troels-Smith (1955) characterisation of the stratigraphy (Figure 5.1) of 
this pollen zone is humified woody peat Sh3 Dl1. Figure 5.2. shows fluctuations 
in the  water content of the zone with a major dip mid-zone while the wt% 
organic carbon content oscillates around the seventy percent mark. Magnetic 
susceptibility values also fluctuate with a slight dip near the zone top and 
tentatively mirror the curve for the start of the SCPs in Figure 6.1, next chapter. 
The accumulation of SCPs suggests a date of 1850 AD (Rose et al. 1995; Yang 
et al. 2001; Swindles and Roe 2006).   
AM-11 0.09-0.00m. 
The stratigraphy characterisation of AM-11(Figure 5.1) is humified woody 
peat Sh3 Dl1. Figure 5.2. shows a rising trend for both the water and wt% 
organic carbon contents of the zone whilst magnetic susceptibility values  rise 
and then fall sharply in the top few centimetres.  
The Age-Depth model for Attermire Mire  
 The core from Attermire Mire consists of 222 centimetre thick sections of 
peat deposit, 14 centimetres of organic silty clay and 6 centimetres of grey clay 
(Figure 5.1). The core contains 2 radiocarbon dates obtained from wood and 2 
radiocarbon dates obtained from peat along with a date of 1850 observed by 
the microscopic deposition of SCPs (Rose et al. 1995; Yang et al.2001; 
Swindles and Roe 2006). In order to construct an age-depth model, a prior 
accumulation rate was set as a gamma distribution with shape 2 (Blaauw and 
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Christen 2011) and an accumulation mean of 53 yr-1 cm-3 (Figure 5.3). The 
accumulation mean was derived by the formula: Calendar age ן x (depth-depth 
average) +calendar age average +β. Where calendar age average is the calendar age 
where the calibration curve has the same 14C as the average 14C of all the 14C 
dates of the sequence and β is the parameter with which the sequence can be 
shifted on the calendar axis (Blaauw et al. 2003). 
In the age depth model for Attermire Mire, the posterior age is indicated by 
the grey line overlying the calibrated distributions of the individual sites (in blue) 
and the grey dots indicate the 95% probability intervals of the model. However, 
because of the low ratio of radiocarbon dates per centimetre, chronological 
variability is to be expected as a higher dating resolution gives a greater 
chronological variation (Blaauw and Christen 2011). 
5.3 Thwaite Tarn  
The local (Late Quaternary) geology for Thwaite Tarn is described below.  
For ease of interpretation, the profile has been split into 11 assemblage zones 
with each zone having the prefix TT (Thwaite Tarn) with TT-1 at the base and 
TT-11 at the top. 
TT-1 2.78-2.55m. 
The Troels-Smith (1955) characterisation of the stratigraphy (Figure 5.4) of 
this zone is Ag2 Sh1 Ld1 organic grey clay with a gradational boundary change 
to As2 Ld1 Sh1 organic silt. The soil moisture content (Figure 5.5) fluctuates 
through the zone and increases sharply at the zone top, tentatively mirroring the 
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Betula curve in TT-1 of Figure 6.3 in the next chapter. Wt% organic carbon 
values are low for most of the zone, peak and decrease before rising quickly at 
the zone top while magnetic susceptibility vales are low with slight fluctuations 
throughout the zone.  A radiocarbon date of 5456±25 14C BP (6300-6260 cal. 
BP) (Table 5.2) was discarded as it was thought to be stratigraphically 
incompatible. 
TT-2 2.55-2.33m. 
The stratigraphic characterisation of this zone (Figure 5.4) is As2 Ld1 Sh1 
organic silt from 2.52m to 2.41m and organic clay Ag2 Sh1 Ld1 from 2.41m to 
2.32m with a gradational boundary change between the units. The soil moisture 
content (Figure 5.5) drops dramatically at the start of the zone before rising in 
steps to a peak just before the zone top and then declining towards the zone 
top. Wt% organic carbon values, like the soil moisture content fall sharply at the 
zone start and then rise gradationally to a peak before declining and oscillate to 
the zone boundary while the magnetic susceptibility values fluctuate through the 
zone.   
 TT-3. 33-2.17m. 
The stratigraphical characteristics for this assemblage (Figure 5.4) is Ag2, 
Sh1, Ld1 organic silt between 2.33m and 2.19m and As2 Ld1 Sh1 organic clay 
between 2.19 and 2.16m with a gradational boundary between the stratigraphic 
units. The soil moisture content (Figure 5.5) rises to a small peak in the middle 
of the zone before declining while the wt% organic carbon values are constant 
through the greater part of the zone before falling at zone top. Magnetic 
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susceptibility levels rise steeply possibly because of changes in sedimentary 
characteristics.   
TT-4 2.17-2.01m. 
TT-4 is characterised stratigraphically  (Figure 5.4) as As2 Ld1 Sh1 organic 
clay with, apart from small peaks at the zone start, declining levels of soil 
moisture (Figure 5.5) and wt % organic carbon content while magnetic 
susceptibility values fall rapidly and then stabilise.   
TT-5 2.01-1.41m. 
This assemblage is extremely dynamic with five changes in stratigraphy 
(Figure 5.4). These are characterised as As2 Ld1 Sh1 organic clay between 
2.0m and 1.92m, Ag 2 Sh1 part. Test. organic silt containing mollusc fragments 
between 1.92m and 1.69m, As3 Ld1 Sh1 from 1.69  to 1.54, Ag3 Ld2 Sh1 from 
154-149m and Ag2 Ld1 Sh1 from 149-141m with gradational boundaries 
between the stratigraphic units. The soil moisture content (Figure 5.5) fluctuates 
rapidly with pronounced peaks and troughs probably due to the changes in 
stratigraphy and appears to mirror the Betula curve of TT-5 in Figure 6.3 of the 
next chapter. Wt% organic carbon values also oscillate but with less vigour 
while magnetic susceptibility levels are more stable. The fluctuations in soil 
moisture content and wt% organic carbon values are probably influenced by the 
changes in the core stratigraphy. A radiocarbon date 1907±22 14C BP (1911-
1922 cal. BP) obtained near the base of this zone was discarded as it was 
thought to be stratigraphically incompatible (Table 5.2). 
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TT-6 1.41-1.15m. 
The stratigraphic characteristics of TT-6 (Figure 5.4) is Ag 2 Ld1 Sh 1 
organic silt. The soil moisture content (Figure 5.5) falls gently through most of 
this zone until, near the zone top, it experiences a brief sharp decline and rise 
before again diminishing while the wt% organic carbon values and magnetic 
susceptibility values fluctuate through the zone. 
TT-7 1.15-0.95m. 
The stratigraphic characterisation of this zone is Ag 2 Ld 1 Sh 1 organic silt 
from 1.15m to 1.12m and then Th 1 Sh 2 Ag 1 organic silt for the rest of the 
zone with a gradational boundary change between the zones. The soil moisture 
content (Figure 5.5) rises sharply, seemingly to reflect the change in sediment 
characterisation, before oscillating gently for the rest of the zone. Wt% organic 
carbon values also appear to reflect the sediment change with a sharp rise in 
values followed by small peaks while magnetic susceptibility values show a 
small peak followed by a small decline before rising rapidly towards the zone 
top.  There is a radiocarbon date of 8278±49 14C BP (9434-9122 cal BP) near 
the base of this zone (Figure 5.5). 
TT-8 0.95-0.76m. 
 The stratigraphy for TT-8 (Figure 5.4) is characterised as Th1 Sh2  Ag1 
herbaceous humified silty peat. The soil moisture content (Figure 5.5) is high 
and the values fluctuate gently through the zone and decline slightly. After a 
brief fall and recovery, wt% organic carbon values remain high and increase 
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slightly at the zone top while magnetic susceptibility values rapidly increase and 
peak near the zone base before falling steeply then tailing off at the zone top.  
The large increases in soil moisture content and Wt% organic carbon curves 
are similar to the Pinus curve of TT-8 in Figure 6.3. in the next chapter.    
TT-9 1 0.74-0.59m. 
The stratigraphy for TT-9 has the Troels-Smith (1955) characterisation of 
Th1 Sh2 Ag1 herbaceous humified silty peat (Figure 5.4). The soil moisture 
content (Figure 5.5) starts high and after an initial small rise, falls sharply before 
rising and again falling to produce a small sharp peak before rising again. 
Values then remain constant to the zone top. Wt% organic carbon values are 
also high and again rise slightly at the zone base before declining gently at first 
and then more sharply before rising to a small peak and then declining again. 
Magnetic susceptibility values also rise and then remain constant for most of the 
zone before falling sharply and the rising again at the zone top. The initial rises 
in the properties of this zone are staggered in an upward sequence starting with 
magnetic susceptibility, then soil moisture and finally Wt% organic carbon 
values. The cause of this staggering may due to changes in the conductivity 
levels of the peat. There is a radiocarbon date of 4342±28 14C BP (4972-4847 
cal. BP) (Figure 5.5) near the base of this zone. 
TT-10 0.59-0.43. 
The stratigraphy for TT-10 (Figure 5.4) is characterised as Th1 Sh2 Ag1 
herbaceous humified silty peat. The soil moisture content (Figure 5.5) declines 
gracefully to a small trough before rising gently again while the wt% organic 
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carbon values suffer a sharp fall before rising to a peak then falling again and 
undulating upwards to the zone top. After an initial small fall in values, magnetic 
susceptibility levels then experience a deep fall before rising slightly and then 
evening out to remain constant to the zone top. 
TT-11  0.43-0.00. 
TT-11 is the final zone in this assemblage with dynamic core properties. The 
sediment characterisation (Figure 5.4) is Th1 Sh2 Ag1 herbaceous humified 
peat between 0.43 and 0.20m, Ag3 Th2 Sh1 silty herbaceous peat between 
0.20 and 0.14 m and Ag2, Th1 Sh1 silt with herbaceous organics between 0.14 
and 0.00m. The soil moisture content (Figure 5.5) rises gently from the zone 
base before falling to a shallow dip, rising again and remaining constant before 
falling in large steps to a deep trough before rising; steeply at first  and then with 
two small peaks to the zone top. The wt% organic carbon values imitates the 
soil moisture content to a degree although the initial rise is sharper and the first 
decline and rise is more pronounced. Again like the soil moisture content, there 
is a short period of constancy before values plunge in a series of steps to a 
trough before rising to the zone top. The magnetic susceptibility values begin 
level before falling sharply to a trough. The values then begin an upwards 
progression in a series of peaks and troughs to the zone top. The dynamic 
fluctuations in the core properties of this zone are probably caused by changes 
in the sedimentary characteristics of the zone with the deep troughs seen in soil 
moisture and wt% organic carbon reflecting the silt inputs in the top twenty 
centimetres. These inputs may also be reflected by the erratic increases in 
magnetic susceptibility values. There is a radiocarbon date of 1505±29 14C BP 
(1407-1353 cal. BP) (Table 5.2) near the base of this zone while the 
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accumulation of SCPs near the top of this suggest a date of ca. 1850 AD zone 
(Rose et al. 1995; Yang et al. 2001; Swindles and Roe 2006).   
The Age Depth model for Thwaite Tarn  
The core from Thwaite Tarn reflects a lacustrine depositional environment 
and consists of 169 centimetre thick sections of organic peats and mud, 81 
centimetres of organic silty shelly clay and 50 centimetres of grey clay. The core 
contains 2 radiocarbon dates obtained from peat and 1 radiocarbon date 
obtained from along with a date of 1850 observed by the microscopic deposition 
of SCPs (Rose et al. 1995; Yang et al. 2001; Swindles and Roe 2006). Two 
other radiocarbon dates obtained from peat at depths of 181 and 257 cms 
respectively were discarded as being considerably younger than the 
radiocarbon date at 111cms, they were thought to be the result of contamination 
and therefore deemed to be caused by human error when coring. 
In order to construct an Age-depth model, a prior accumulation rate was set 
as a gamma distribution with shape 2 (Blaauw and Christen 2011) and an 
accumulation mean of 84 yr-1 cm-3 (Figure 5.6). The accumulation mean was 
derived by the formula: Calendar age ן x (depth-depth average) +calendar age 
average +β. Where calendar age average is the calendar age where the calibration 
curve has the same 14C as the average 14C of all the 14C dates of the sequence 
and β is the parameter with which the sequence can be shifted on the calendar 
axis (Blaauw et al. 2003). 
In the age depth model for Thwaite Tarn, the posterior age is indicated by 
the grey line overlying the calibrated distributions of the individual sites (in blue) 
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and the grey dots indicate the 95% probability intervals of the model. However, 
because of the low ratio of radiocarbon dates per centimetre, chronological 
variability is to be expected as a higher dating resolution gives a greater 
chronological variation (Blaauw and Christen 2011). Because the accumulation 
rate for Thwaite Tarn derived using the oldest radiocarbon date from the site of 
9122-9434 cal 14C BP (Table 5.2), the discarded radiocarbon dates do not 
appear on the age-depth model. 
5.4 Rough Haw  
The local (Late Quaternary) geology for Rough Haw is described below. For 
ease of interpretation, the profile has been split into eight assemblage zones 
with each zone having the prefix RH (Rough Haw) with RH1 at the base and 
RH-8 at the top of the diagrams. 
RH-1 1.98-1.73m. 
The Troels-Smith (1955) stratigraphic characterisation of this zone (Figure 
5.7) is Ag3 As1 grey silty clay. Following an initial fall, the soil moisture content 
(Figure 5.8) of the zone rises quickly in a series of long steps through most of 
the zone and then reaches a small peak at the zone top. The wt% organic 
carbon values rise in a graceful curve to a small peak, fall slightly and then rise 
sharply to a final peak near the zone top while magnetic susceptibility values 
fluctuate slowly upwards through the zone.  
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RH-2 1.73 1.43m. 
The stratigraphical characteristic of this pollen zone (Figure 5.7) is Ag3 As1 
grey silty clay. There is a high soil moisture content (Figure 5.8) which, apart 
from a few small fluctuations near the zone bottom, remains constant. Wt% 
organic carbon values fluctuate upwards in a series of small jagged peaks and 
troughs while magnetic susceptibility values rise swiftly to a peak and then 
progress slowly upwards.  
RH-3 1.43-1.21m. 
This zone is characterised stratigraphically (Figure 5.7) as Ag3 As1 grey 
silty clay from 1.43m and 1.4m and Th3 Sh1 dark brown amorphous peat 
separated by a diffuse boundary. The soil moisture content (Figure 5.8) declines 
slightly from the start of the zone and then suddenly increases to produce a 
pronounced peak before falling sharply and then fluctuating gently upwards. 
After a small peak at the zone base, wt% organic carbon values are high 
through the first part of the assemblage. There is a sharp dip mid zone, then 
values quickly increase and remain high while magnetic susceptibility values 
steadily increase to a small peak at the zone top. The sharp increase in soil 
moisture content mirrors the sharp decline in wt% organic carbon values and 
may be caused by a slightly more humified horizon in the stratigraphy. There is 
a radiocarbon date of 5969±41 14C BP (5913- 5724cal. BP) at the base of this 
assemblage and a date of 4605±26 14C BP (5382-5290 cal. BP) near the zone 
top (Table 5.3).   
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RH-4 1.21-0.91m. 
The stratigraphic characterisation of this pollen zone (Figure 5.7) is Th3 Sh1 
dark brown amorphous peat. The core properties (Figure 5.8) of soil moisture 
content, wt% organic carbon and magnetic susceptibility all rise gently before 
declining to a shallow dip and then recovering and fluctuating gently to a small 
peak at the zone top. Wt% organic carbon values fall at the zone start, recover 
and then oscillate through the profile while magnetic susceptibility readings rise 
quickly to a rounded peak before declining gently through the zone. There is a 
radiocarbon date of 341±26 14C BP (479-314 cal. BP) (Table 5.3) near the base 
of this zone strongly suggesting a hiatus between this zone and RH-3. 
RH-5 0.91-0.61m. 
This zone is characterised stratigraphically (Figure 5.7) as Th3 Sh1 dark 
brown amorphous peat. Both the soil moisture content (Figure 5.8) and wt% 
organic carbon values oscillate through the zone with the wt% organic carbon 
oscillations being more pronounced. Magnetic susceptibility readings decline at 
the zone start before rising, sharply at first, then more gently up the profile.   
RH-6 0.61-0.41m. 
The stratigraphic characterisation (Figure 5.7) of this zone is Th3 Sh1 dark 
brown amorphous peat.  After a small fall, the soil moisture content (Figure 5.8) 
quickly recovers and then continues up the profile in a series of shallow peaks 
and troughs. Wt% organic carbon values fall more sharply but recover to peak 
sharply twice in succession before the values level out to the zone top while 
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magnetic susceptibility values describe a shallow parabolic curve through the 
zone 
RH-7 0.41-0.23m. 
The stratigraphy of this zone is (Figure 5.7) characterised as Th3 Sh1 dark 
brown amorphous peat. The soil moisture content (Figure 5.8) is constant with 
only slight variations until a slight fall at the zone top. Wt% organic carbon 
values are also constant for much of the zone although near the zone top 
values dip and then recover before again falling, slightly at first and then more 
sharply. Magnetic susceptibility values fall throughout the zone although a brief 
hiatus occurs mid-zone before the fall continues. 
RH-8 0.23-0.00m. 
This zone is characterised stratigraphically (Figure 5.7) as Th3 Sh1 dark 
brown amorphous peat. The soil moisture content (Figure 5.8) oscillates 
through most of the zone and then falls sharply in the top centimetres. Wt% 
organic carbon values decline and then rise quickly to progress through the 
assemblage in a series of sharp peaks before plummeting, like the soil moisture 
content, in the top centimetres although the fall tails of slightly in the final 
centimetre while magnetic susceptibility values decline through the zone. The 
accumulation of SCPs near the zone top suggest a date 1850 AD (Rose et al. 
1995; Yang et al. 2001; Swindles and Roe 2006).   
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A tentative correlation may be inferred between the wt% organic carbon 
values of this zone and the burnt material curve in the corresponding zone of 
RH-8 in Figure 6.5 in the next chapter.  
The Age Depth Model for Rough Haw  
The core from Rough Haw consists of 140 centimetre thick sections of peat 
deposit and 52 centimetres of grey clay. The core contains 3 radiocarbon dates 
obtained from peat along with a date of 1850 observed by the microscopic 
deposition of SCPs (Rose et al. 1995; Yang et al. 2001; Swindles and Roe 
2006). In order to construct an Age-depth model, a prior accumulation rate was 
set as a gamma distribution with shape 2 (Blaauw and Christen 2011). Because 
of the rapid accumulation of peat between the radiocarbon dates of 479-314 BP 
at 111cm and 5382-5290 at 125cm (Table 5.3), two age-depth models were 
constructed for Rough Haw with Figures 5.9a and an accumulation mean of   31 
yr-1 cm-3 for the bottom of the core and Figure 5.9b and an accumulation mean 
of 36 yr-1 cm-3 for the top of the core. The accumulation mean was derived by 
the formula: Calendar age ן x (depth-depth average) +calendar age average +β. 
Where calendar age average is the calendar age where the calibration curve has 
the same 14C as the average 14C of all the 14C dates of the sequence and β is 
the parameter with which the sequence can be shifted on the calendar axis 
(Blaauw et al. 2003) using the radiocarbon date of 5382-5290 cal B.P.and the 
depth of 125 cm for the bottom age-depth model and the radiocarbon date of 
5913- 5724 cal B.P. and the depth of 141 cm for the top age-depth model. 
In the age depth models for Rough Haw, the posterior age is indicated by 
the grey line overlying the calibrated distributions of the individual sites (in blue) 
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and the grey dots indicate the 95% probability intervals of the model. The 
outlying sites in each model are in red. However, because of the low ratio of 
radiocarbon dates per centimetre, chronological variability is to be expected as 
a higher dating resolution gives a greater chronological variation (Blaauw and 
Christen 2011). 
5.5 Smearsett Tarn   
The local (Late Quaternary) geology of Smearsett Tarn is described below. 
For ease of interpretation, the profile has been split into seven assemblage 
zones with each zone having the prefix ST (Smearsett Tarn) with ST-1 at the 
base and ST-7 at the top of the diagrams. 
ST-1 3.05-2.39 m. 
The Troels-Smith (1955) stratigraphic characteristics of this pollen zone 
(Figure 5.10) are Ld3 Th1 part test fine organic mud with roots and broken 
shells. Soil moisture content (Figure 5.11) rises quickly to a sharp peak before 
declining almost as rapidly. The moistures content then progresses through the 
zone in a series of peaks and troughs with a short plateau just above the zone 
mid-point. Wt% organic carbon values also rise sharply in this assemblage 
although the rise on Figure 5.11 seems pronounced, it must be mentioned that 
organic values are low and so the rise is relative to the graph scale. After the 
initial peak, wt% organic carbon mirrors the curve for soil moisture and so 
progresses in a similar series of peaks and troughs. Magnetic susceptibility 
values fall sharply at the start of the zone before rising to a small peak and then 
declining as the zone progresses. The stratigraphic characteristics of the zone 
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are probably responsible for the fluctuations and variations portrayed in Figure 
5.11.  A radiocarbon date of 6230±44 14C BP (7256-7141 cal. BP) obtained for 
mid-way through this zone was discarded as it was thought to be 
stratigraphically incompatible (Table 5.4).   
SST-2 2.39-1.99m. 
The stratigraphic characteristics of SST-2 (Figure 5.10) is Ld3 Th1 part test 
fine organic mud with roots and broken mollusc shells to 2.14m and Ld4 Th1 
part test organic mud with broken mollusc shells to 1.99m with a gradational 
boundary between the changes. Core properties (Figure 5.11) for both the soil 
moisture content and the wt% organic carbon values rise quickly in this zone to, 
in the case of wt% organic carbon, a sharp peak while the peak for the soil 
moisture content is flatter. Both properties then decline sharply with the fall in 
wt% organic carbon values less pronounced, before both properties again rise 
to form slight plateaus before falling slightly at the zone top. Magnetic 
susceptibility values decline then fall to a pronounced trough before rising, first 
to a short plateau, the to the zone top.   There is a radiocarbon date of 9183±37 
14C BP (10432- 10244cal. BP) near the base of this zone (Table 5.4).  
SST-3 1.99-1.43m. 
This assemblage is characterised stratigraphically (Figure 5.10) as Ld4 Th1 
part test organic mud with roots and broken shells. Like the previous 
assemblage, the core property values (Figure 5.11) for the soil moisture content 
and wt% organic carbon mirror each other. Both properties fall sharply before 
rising slightly to sharp peaks. They then fall to create shallow troughs before 
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rising to peak and fall twice more to the zone top. Magnetic susceptibility values 
rise slowly at first and the more sharply to a peak before declining gently at first, 
to a short hiatus, then more sharply before rising to peak, fall and then rise to a 
final peak at the zone top. A radiocarbon date of 6266±44 14C BP (7274-7151 
cal. BP) is at the top of this zone (Table 5.4).   
SST-4 1.43-1.09m.  
The stratigraphic characteristics (Figure 5.10) of SST-4 are Dh3 Sh1 
humified herbaceous peat. There are again marked similarities between the soil 
moisture content (Figure 5.11) and wt% organic carbon properties. Both rise to 
a series of small peaks from the zone start, although the soil moisture content 
peaks are slightly more pronounced and the values of both fall near the top of 
the zone before rising although the rise in values of wt% organic carbon are 
less pronounced. The magnetic susceptibility values however, fall quickly from 
the zone start before rising, sharply at first, and the more slowly to the zone top.      
SST-5 1.09-0.45m. 
The stratigraphy (Figure 5.10) for this zone is Ld4 part test fine organic mud 
and broken mollusc shells between 1.09 and 0.51 and Sh2 Dh1 Ld1 humified 
organic wood peat from 0.51 to 0.45. The boundary between the stratigraphic 
changes is gradational. The soil moisture content (Figure 5.11) rises to a small 
peak, falls slightly and levels off before rising to another small peak. The 
moisture content declines quietly before rising slightly then falling again to the 
zone top. Wt% organic carbon values rise quickly to a peak before falling and 
rising to a more pronounced peak. Values then fall sharply before rising in sharp 
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steps to the zone top. The magnetic susceptibility values rise sharply before 
descending into a trough. The values then rise in a series of small peaks to 
describe a curve before again falling and then climbing to the zone top.  There 
is a radiocarbon date of 6100±40 BP (7000-6790) cal. 14C BP at the top of this 
assemblage (Table 5.4). 
ST-6 0.41-0.00m. 
The stratigraphic characteristics (Figure 5.10) for this zone are Sh2, Dh1, 
Ld1 humified organic wood peat from 0.43 to 0.20 and Ag2 Sh2 Th1 amorphous 
peaty silt from 0.20 to 0.00m. The boundary between the stratigraphic changes 
is gradational. The soil moisture content (Figure 5.11) rises slowly at first then 
accelerates to a flattened peak then gradually declined until, in the final 
centimetres, there is a sharp decline in moisture followed by an increase to the 
zone top. Wt% organic carbon values fall slowly at first then dip sharply into a 
trough before slowly increasing to the zone top. Magnetic susceptibility values 
are constant at the start then gradually fall before a sharply rising. The values 
then fall away slightly before a final rise at the zone top.  The accumulation of 
SCPs near the top of the zone suggests a date from the start of ca. 1850 AD 
(Rose et al. 1995; Yang et al. 2001; Swindles and Roe 2006). There is also a 
suggestion of a hiatus between this zone and ST-6.  
The Age Depth Model for Smearsett Tarn  
The core from Smearsett Tarn consists of 51 centimetre thick sections of 
organic clay deposit, 96 centimetres of herbaceous peat, 67 centimetres of 
humified peat, 76 centimetres shelly peat and 30 centimetres of grey clay The 
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core contains 2 radiocarbon dates obtained from wood and 1 radiocarbon dates 
obtained from peat along with a date of 1850 observed by the microscopic 
deposition of SCPs (Rose et al. 1995; Yang et al. 2001; Swindles and Roe 
2006). 1 other radiocarbon date from peat at 93 cm was disregarded as being 
younger than the radiocarbon date at 47 cm and 1 radiocarbon date from wood 
at 285 cm was disregarded as being considerably younger than the radiocarbon 
date at 227 cm. The disregarded dates were thought to be the result of 
contamination and therefore deemed to be caused by human error when coring. 
In order to construct an Age-depth model, a prior accumulation rate was set 
as a gamma distribution with shape 2 (Blaauw and Christen 2011) and an 
accumulation mean of 45 yr-1 cm-3 (Figure 5.12). The accumulation mean was 
derived by the formula: Calendar age ן x (depth-depth average) +calendar age 
average +β. Where calendar age average is the calendar age where the calibration 
curve has the same 14C as the average 14C of all the 14C dates of the sequence 
and β is the parameter with which the sequence can be shifted on the calendar 
axis (Blaauw et al. 2003). 
In the age depth model for Smearsett Tarn, the posterior age is indicated by 
the grey line overlying the calibrated distributions of the individual sites (in blue) 
and the grey dots indicate the 95% probability intervals of the model. The 
disregarded dates are shown in red. However, because of the low ratio of 
radiocarbon dates per centimetre, chronological variability is to be expected as 
a higher dating resolution gives a greater chronological variation (Blaauw and 
Christen 2011). 
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6. Pollen Analysis Results 
6.1 Introduction 
This chapter presents the pollen results of the cores described in Chapter 5. 
In the pollen diagrams, Figures 6.1, 6.3, 6.5 and 6.7, all pollen, moss and fern 
spores are presented as percentages of the total pollen count.  As well as 
pollen, moss and fern spores, the non-pollen palynomorphs (NPPs) (Figures 
6.2, 6.4, 6.6 and 6.8) fungal and algal spores as well as burnt material less than 
50μm along with spheroidal carbonaceous particles (SCPs) were also counted. 
The abundance curves for burnt material and SCPs where applicable, are 
presented in both pollen and NPP diagrams: (a) to give a date of ca. 1850 
(SCPs) (Rose et al. 1995; Yang et al.2001; Swindles and Roe 2006), and (b) to 
allow for comparisons (if any) between burning and changes in pollen 
ecologies. The study sites in this chapter appear in the same order as Chapter 
5. The nomenclature used for the pollen diagrams is described in Chapter 4.5. 
6.2 Attermire Mire 
The results from the analysis of pollen diagrams obtained for the pollen 
sequence (Figs 6.1 and 6.2) obtained from Attermire Tarn are discussed below. 
For ease of interpretation, the profile has been split into 11 zones each zone 
having the prefix AM (Attermire Mire) with AM-1 at the base and AM-11 at the 
top. The modern day vegetation at Attermire Mire consists of grassland with 
occasional stands of reeds and cotton grass.   
127 
6.2.1 Attermire Mire Pollen Zones 
AM-1 2.42-2.35m. 
Pollen in this basal zone (Figure 6. 1.) is sparse and dominated at the base 
by Pinus with a peak of 62% which then diminishes rapidly from the middle of 
the zone upwards to 7% at the zone top.  Pteropsida (20%), Cyperaceae (20%) 
and Poaceae (20%) dominate the middle of the zone along with Betula (15%) 
whilst Alnus (20%), Salix (10%) and Myrophyllum (5%) dominate the top of the 
zone. Also present are small amounts of Quercus, Tilia, Ericaceae, 
Caryophyllaceae, Juniperus, Rosaceae, Filipendula and Succisa pratensis. 
  Fungi (Figure 6.2.), are represented by abundances of fungal hyphae and 
indet. fungal spores near the top of the zone, while algae are by spores of 
Botryococcus, Zygnema and Spirogyra. Micro-charcoal is also present.  
This pollen assemblage of this basal zone possibly reflects the grey clay 
stratigraphy of the sedimentary horizon. Both water and organic content are low 
while the magnetic susceptibility readings are relatively high (see Chapter 5. 
Figure 5.2.). Pinus dominates the tree species at the base of the zone along 
with small amounts of Quercus and Betula. Pinus values gradually diminish as 
the zone progresses and Betula and Salix amounts increase.  Small amounts of 
Ericaceae are present at the base and top of the zone along with Rosaceae and 
Juniperus. Rising values of Cyperaceae, Poaceae and Pteropsida indicate the 
emergence of an open environment. While increasing values of Myriophyllum 
point to the occurrence of ponding (Fitter et al. 1974; Stace 1997), in a fresh 
water environment indicated by amounts of the algae Botryococcus towards the 
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zone top (Sorrel et al. 2006) possibly the result of increased precipitation. There 
is also evidence of increasing amounts of burning in the zone.  The rise in Salix 
possibly Salix herbacea (see Figure 31 of Godwin 1975) may tentatively place 
the latter part of this zone at the beginning of Godwin (1975)’s zone I-the Older 
Dryas of the Blytt & Serander periods. The increasing curve of Betula along with 
the curve of Juniperus is reminiscent of the increases described by Pennington 
(1975), - although Juniperus amounts are not as pronounced - which places this 
part of the pollen sequence in the Bølling interstadial. The occurrence of Pinus 
so early in the vegetation sequence does not appear in other Late Glacial 
sequences (cf. Godwin 1975; Pennington 1975). Bennett (1984) suggested that 
Pinus first entered the British Isles after 10,000 BP and that its habitats were 
restricted by Ulmus, Corylus and Quercus to the south-east of England. Bennett 
also suggests small populations of Pinus may have survived in an independent 
glacial refugium in Ireland and Scotland. As Pinus is found elsewhere in the 
Yorkshire Dales (cf. Smith 1986; Bartley et al. 1990) before 9430 BP, it seems 
likely there may have been a refugium in the north of England as Pinus appears 
at this site before 11,500 BP.  
AM-2 2.35-2.17m. 
Pollen amounts in this zone are more abundant with varying amounts of 
Pteropsida (30%), Poaceae, Betula and Cyperacae (all with peaks of 20%), 
dominating the assemblage. Dwarf birch (Betula nana) and Myriophyllum also 
have small peaks of 10% along with Salix. Also present are Ilex, Juniperus, 
Alnus, Ericaceae, Filipendula, Pinus, Polemonium, Callitriche and Plantago 
lanceolata. 
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Fungi are represented by fluctuating abundances of indet. fungal spores 
and fungal hyphae along with Conidia type 173, whilst at the base of the zone 
Vesicular-Arbuscular Mycorrhizai (VAM’s) are abundant. Algae are represented 
by Botryococcus at the base of the zone and by indet. algae, psilate algal cysts, 
Dinoflagellate cysts, Spirogyra, Zygnemataceae, the Desmid Cosmarium, 
Meugotia and Sigmopollis.  
The pollen assemblage for AM-2 is more prolific with a rising water and 
organic content along with falling magnetic susceptibility levels, indicating a 
change in the stratigraphy to organic silty clay (see Figure 5.1.). The pollen rain 
in this zone generally reflects a cold climate with values for Poaceae, 
Cyperaceae and Pteropsida although Betula amounts indicate some woodland; 
while the peak of Betula nana mid-zone, reflect tundra-like conditions, the pollen 
curves for Betula, Alnus and Juniperus, along with the curve of Myriophyllum 
and the occurrence of Filipendula – all comparatively warmth-demanding plants 
- (Pennington 1975 p.162) - reflect the changes in the stratigraphy to organic 
silty clay and the move from the cold of the Older Dryas to the warmer Allerød 
period. The occurrence of Myriophyllum is an indication of still or slow-moving 
water although this may be localised as the fungal spore Conidia, an indicator of 
non-aquatic habitats (van Geel 1978) occurs in increasing amounts as the zone 
progresses. Vesicular-Arbuscular Mycorrhizai (VAM’s) are well represented at 
the zone base and may indicate the occurrence of soil erosion (van Geel et ai. 
1979). Algal species are well represented indicating localised changes in trophic 
environments from fresh water (Botryococcus) at the zone base through 
eutrophic conditions with Dinoflagellate cysts, to mesotrophic conditions with 
Spirogyra and Zygnemataceae (van Geel et al. 1989). Changes in water depth 
may also be inferred with Dinoflagellate cysts preferring deep slow water (Hunt 
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et al. 1985) while Spirogyra prefers shallower open water (van Geel et al. 1989). 
Varying amounts of burnt material are also present. The radiocarbon date of 
9921±60 BP (11610-11519 cal. BP) at 2.17m, just in the stratigraphic change to 
humified wood peat places the top of this zone at the extremity of the Late 
Glacial period and at the start of the Holocene; roughly equating to Zone II of 
Godwin’s schematic table (Godwin 1975, p.52) and roughly in the middle of his 
birch zone.  
AM-3 2.17-1.95m.. 
Pollen in this zone is abundant and dominated by Cyperaceae peaking at 
70% with fluctuating amounts of Pteropsida and Poaceae which peaks of 40% 
and Betula which peaks at 20%. Also present are varying percentages of Salix, 
Filipendula and Pinus, as well as Crataegus, Succisa pratensis, Polemonium, 
Callitriche, Myriophyllum, Typha, Bryophyte spores and Lycopodium alpina.   
Fungi are represented by fluctuations of fungal spores indet., fungal hyphae 
and Conidia type 173. Also present are Microthyriaceae type 8, VAM’s and 
Geoglossum type 77.  Algae are presented by fluctuations in indet. algae, 
Spirogyra – which has a major peak at the bottom of the zone and  psilate algal 
cysts also present are Dinoflagellate cysts, Sigmopollis, Zygnemataceae.  
 
The stratigraphy for this pollen zone is humified woody peat with higher 
water content and progressively higher organic percentages (see Figure 5.2.). 
This change is reflected in a higher accumulation of pollen. The pollen rain for 
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AM-3 indicates an open wetter environment dominated by sedges (Cyperaceae) 
with fluctuating amounts of grasses (Poaceae) and ferns (Pteropsida) and with 
falling values of Betula and rising Pinus levels from mid-zone upwards Although 
the general environment may be wetter, rising values of the fungal spore 
Conidia indicate localised drier conditions as may be shown in sufficient water 
depth to allow Myriophyllum to survive. However, conditions are damp enough 
for Callitriche - a plant requiring shallow water that dries out periodically (Palls 
et al. 1980) and which will flower in wet mud (Fitter et al. 1974), and Typha. 
There is again evidence for localised ponding to allow for spores of Spirogyra, 
Sigmopollis and Zygnemataceae while in the middle of the zone, ponds must 
have been deep enough to allow Dinoflagellate cysts to sporulate. The sedge-
grass dominance of this zone along with the curve for willow-possibly Salix 
herbacea (see Godwin 1975, Figure 31. ) places this assemblage in zone III of 
Godwin (1975)’s table which he equates to the Upper (or Younger) Dryas. 
Micro-charcoal is present with a major spike in abundance at the top of the 
zone. 
AM-4 1.95-1.61m. 
Pollen amounts again are abundant in this zone which is dominated by 
fluctuating amounts of Poaceae from 20 to 70%. Cyperacae falls from 70% at 
the bottom of the zone, has a peak near the middle of the zone of 30% then 
falls progressively to 5% at the zone top while Pteropsida amounts fluctuate 
with peaks of 40%. Pinus makes a strong re-appearance in this zone with peaks 
of 35% while Betula amounts fall with peaks of 10%. Also present are varying 
amounts of Bidens, Salix, Filipendula, Ulmus, Ilex, Juniperus, Carduus, Dryas, 
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Lactuceae, Plantago lanceolata, Succisa pratensis, Callitriche and Bryophyte 
spores.  
Fungi are well represented by fungal spores indet., fungal hyphae and 
VAM’s along with Microthyriaceae type 8, Chlamydospores type11 which have 
a major peak near the top of this pollen zone and varying amounts of Bicellular 
acospores type 18, Conidia type 173, Geoglossum type 77 and soil fungi whilst 
algae are represented by fluctuations of algae indet., psilate algal cysts, 
Sigmopollis which has a major peak near the pollen zone top, Spirogyra and 
Dinoflagellate cysts.  
An open aspect is again suggested by the dominance of Poaceae along 
with Pteropsida although there is increasing arboreal encroachment by Pinus 
which almost appears to mirror a fall in Cyperaceae and seems to inter-digitate 
with Poaceae from the middle to the top of the zone. Succisa pratensis and 
Plantago media/major along with the ruderals Lactuceae Polemonium and 
Filipendula Rumex and Ranunculus add to the mainly open aspect. Slightly 
wetter conditions at both the bottom and especially top of the zone may be 
indicated by Bidens (Stace 1997) while the middle of the zone appears to 
periodically dry out as evidenced by Callitriche and the algae Spirogyra and 
Sigmopollis both of which like shallow fresh water.  
Spores of the fungi Microthyrum sp. and Chlamydospores, both found on 
Carex type peats (van Geel, 1989) are present in this zone. VAM’s are also 
present in this zone with two major pulses towards the middle and top of the 
zone indicating the possibility of erosion. Both the water content and organic 
material are by and large stable with the sediment characteristics still humified 
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woody peat (see Figure 5.2.). The organic content decreases slightly towards 
the top of the zone and may reflect some sediment input into the catchment. 
This decrease may also contribute to the decrease in pollen amounts at the top 
of the zone. Micro-charcoal is in evidence throughout this zone. The 
radiocarbon date of 8990±33 BP (9989-9940 cal. BP) at the top of the zone 
equates to Godwin’s birch-pine zone IV. Although birch and pine are in 
evidence in this pollen assemblage, the dominant ecotone in this instance is 
open grassland.   
AM-5 1.61-1.39m. 
Pollen zone AM-5 is dominated by Poaceae, which, after rising to a sharp 
peak of 70% near the bottom of the zone, starts to decline towards the top of 
the zone. Cyperacae amounts rise from 5% at the base of the zone to dominate 
the top at 25%. Pinus is the main arboreal species with fluctuating at 25% 
through the zone while Betula is also in evidence along Pteropsida with 
fluctuating values of 10% while Salix levels fall to 2%. Also present are Ulmus, 
Bidens, Filipendula, Lactuceae, Plantago lanceolata, Plantago media/minor, 
Polemonium, Callitriche, Stratiotes, Typha, Bryophyte spores, Lycopodium 
alpina, Lycopodium selago and Sphagnum.   
Fungi (Figure 6.2.) are well represented by fungal spores indet., fungal 
hyphae and VAMs. Also present are Microthyriaceae type 8, Apiospora 
montaggni and Geoglossum type 77.  Algae indet., psilate algal cysts and 
Spirogyra represent the algal spores along with a presence of Sigmopollis, 
Dinoflagellate cysts and Meugotia. Micro-charcoal material is present. 
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This pollen zone has high water and organic contents with the stratigraphic 
characteristics still a humified woody peat (Figure 5.2). The base of this zone 
indicates swift environmental changes with the base dominated by the 
combined arboreal pollen of Pinus and Betula giving way to a more open 
aspect. Levels of Poaceae decrease throughout this assemblage while 
Cyperaceae values increase. Possible fluctuations in the water table may be 
indicated by variations of Callitriche and Typha along with changes in water 
depth of standing ponds or open water with Meugotia-an indicator shallow water 
conditions in spring (van Geel 1978) along with Spirogyra. Although 
percentages of birch and pine are comparatively low, this assemblage can 
probably be placed in the Pre-boreal stage IV of the Godwin (1975) schemata. 
Evidence of micro-charcoal is present throughout this zone. 
AM-6 1.39-1.05m. 
ATM-6 is dominated by Poaceae which rises from 25% near the bottom of 
the zone where it inter-digitates briefly with Cyperaceae, before rising to a major 
peak at near the top of the zone of 90%. Cyperaceae values, after the 
interdigitation with Poaceae, fall steadily from 35% to 5% apart from two small 
peaks at the zone top. Pinus at 20% and Betula (15%) again are the main 
representatives of arboreal pollen along with small percentages of Salix, Ulmus 
and Alnus. Pteropsida is also well represented with a peak of 20% near the 
zone top. Also present are Tilia, Ilex, Bidens, Filipendula, Polemonium, 
Callitriche, Myriophyllum, Typha, Lycopodium alpina, Lycopodium selago, 
Polypodium, Pteridium, Sagittaria and Sphagnum.  
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Fungi (Figure 6.2) are represented by abundances of Fungal spores indet., 
fungal hyphae, Geoglossum type 77, Microthyriaceae type 8, Soil fungi, 
Helicoon, and acospores. Algae are represented by algae indet., Psilate algal 
cysts, Dinoflagellate cysts, Spirogyra, Desmid cosmarium, Pediastrum and 
Zygnemataceae. Micro-charcoal is present in the zone. 
This assemblage again represents a mainly open aspect with fluctuating 
amounts of Poaceae as the major flora with prominent peaks at the middle and 
top of the zone although the combined values of tree species indicate extensive 
canopy cover at the zone base. There is a noticeable peak of Cyperaceae near 
the zone bottom and two smaller peaks near the zone top possibly indicating a 
damper climate which may be reflected in the increases of wetland species in 
the bottom half of the zone as evidenced by the peak in Sphagnum and small 
increases in Salix and Alnus. The general water content is consistently high as 
is the organic content with the same stratigraphic characteristics of the previous 
zone (Figure 5.2). However, the spike of Geoglossum indicates some locally dry 
conditions. Meso-to-eutrophic water conditions are indicated by cysts of the 
algal types Dinoflagellate, Spirogyra, Desmid cosmarium, Pediastrum and 
Zygnemataceae. As the zone progresses, dryer conditions prevail as arboreal 
and wetland species values fall leading to a more open aspect towards the zone 
top. A radiocarbon date of 8630±40 BP (9678-9533 cal. BP) places this 
assemblage around the early Boreal of zone IV of the Godwin (1975) schemata. 
There was evidence of micro-charcoal throughout the zone. 
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AM-7 1.05-0.78m.  
This pollen assemblage is dominated by fluctuating percentages of Poaceae 
(from 45% at the bottom falling to 25% at the top). Cyperaceae peaks at 40%, 
while Pinus and Pteropsida have peaks of 30% and Betula has a peak of 15%. 
Also present in this zone are Salix, Bidens, Alnus, Quercus, Ulmus, Filipendula 
Lactuceae, Plantago media/major, Plantago lanceolata, Callitriche, Bryophyte 
spores, Polemonium, Lycopodium selago, Polypodium  and Pteridium.  
Fungal spores are represented by fungal hyphae, fungal spores indet., 
VAM’s, along with small abundances of Geoglossum type 77, Microthyriaceae 
type 8, Helicoon, Geaunnomyces type 126, Apiospora montaggni, and soil 
fungi. Algae are represented by abundances of algae indet., psilate algal cysts, 
Spirogyra, Sigmopollis, Dinoflagellate cysts, and Zygnemataceae.  
This assemblage changes from an open aspect at the base of the zone to a 
more arboreal/wetland sequence at the top. Interdigitating Poaceae and 
Cyperaceae and Pteropsida values in this zone possibly reflect changing 
climatic conditions. Overall sediment wetness and organic content remain high 
(Figure 5.2). There is an increase in arboreal pollen with consistent values for 
Pinus, peaks in amounts of Betula and small peaks in amounts of Alnus and 
Salix; again possibly reflecting changes in climate. The peaks in amounts of 
fungal spores of Geoglossum also indicate changing climatic conditions with 
periods of local dryness while amounts of Spirogyra, Sigmopollis, Dinoflagellate 
cysts, and Zygnemataceae are indicative of localised wet conditions while the 
occurrence of VAM’s and soil fungi indicate the possibility of soil erosion. The 
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rises of pine and birch suggest that this zone may be contemporary with 
Godwin (1975)’s zone VI. There is evidence of micro-charcoal in this zone. 
AM-8 0.77-0.51m. 
Pollen zone AM-8 is dominated by fluctuating amounts of Poaceae from 
25% the bottom of the zone then fluctuating between 45 and 50%. Pteropsida is 
also abundant at 30% while Cyperaceae rises to form a rounded peak of 20% 
mid zone. Pinus amounts fall away quite steeply from 30% at the zone base 
before rising again to 25% only to fall sharply at the zone top. Betula falls from 
15% to 5% away while Alnus and Salix have small peaks throughout the zone. 
Also present are Bidens, Tilia, Ulmus, Ilex, Carduus, Caryophyllaceae, 
Filipendula, Lactuceae, Plantago lanceolata, Plantago media major, 
Ranunculus, Rumex, Callitriche, Myriophyllum, Typha, Bryophyte spores, 
Lycopodium alpina, Lycopodium selago, Polypodium and Pteridium.  
Fungi are represented by abundances in fungal hyphae, VAM’s, soil fungi, 
Geoglossum type 126, Helicoon, and Microthyriaceae type 8. Algae are 
represented by abundances in algae indet. psilate algal cysts, Spirogyra, 
Sigmopollis Zygnemataceae and Meugotia. Micro-charcoal is present. 
The sediment and wetness values for this zone remain generally high 
although small variations can be discerned (Figure 5.2.). Pollen analysis shows 
the base of this zone indicates an arboreal assemblage with Pinus and Betula, 
amounts prominent as well as small values of Alnus, Salix, Quercus and Ulmus. 
As the zone progresses, an open aspect prevails with Poaceae dominating the 
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zone. The appearance of the ruderals Lactuceae, Polemonium, Ranunculus 
along with Rumex Plantago lanceolata and Plantago media/major, may indicate 
a more managed landscape with the possibility of grazing animals keeping the 
grass short and allowing ruderal species to colonise. The peak of Cyperaceae 
mid-zone may indicate a move to a temporarily cooler wetter phase again 
indicated by the abundances of Psilate algal cysts and Sigmopolis and 
Spirogyra. The general arboreal mix of this zone may place it in Zone VIIa of 
Godwin (1975)’s scheme. Micro-charcoal is present throughout the zone.      
AM-9 0.51-0.25m. 
AM-9 is dominated by Poaceae with peaks of 60% before falling to 35%. 
Cyperaceae rises through the zone after an initial fall to 35% while Pteropsida 
amounts are also at 35%. Pinus falls from 25% to 5% while Betula and Salix 
values fluctuate at 5% through the zone and Alnus has a peak of 10% near the 
zone top; Lactuceae amounts are also more pronounced with a small peak mid 
zone followed by a larger peak at the zone top.  Also present are: Ulmus, 
Corylus, Bidens, Carduus, Filipendula, Plantago lanceolata, Plantago 
media/major, Polemonium, Rumex, Typha, Bryophyte spores, Lycopodium 
alpina, Polypodium and Pteridium.  
Fungi are represented by abundances in fungal hyphae, fungal spores 
indet., VAM’s, soil fungi, Microthyriaceae type 8, Helicoon, and bicellular 
ascospores type 18. Abundances of psilate algal cysts, algae indet., Meugotia,  
Dinoflagellate cysts, Sigmopollis Spirogyra, and Zygnemataceae represent the 
algal content of this zone whilst peaks in Micro-charcoal represent burnt 
horizons.  
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This pollen assemblage reflects a changing landscape with the lower part of 
the zone made up of a combination of wooded and open environments 
consisting of mainly Pinus and Betula woodland and grassland the ruderals 
Lactuceae, Plantago lanceolata and Plantago media/major along with 
Polemonium and Rumex possibly again the result of grazing practices. As the 
arboreal cover retreats, Cyperaceae (sedges) become more abundant as do 
ferns Pteropsida and Pteridium along with mosses Polypodium and 
Lycopodium. The organic content and soil moisture content in this zone both fall 
near the top of the zone while magnetic susceptibility values rise (Figure 5.2), 
although algal abundances are present throughout the zone possibly due to 
localised ponding while accumulations of Vesicular Arbuscular Mycorrhizas, 
(VAM’s) may be caused by localised soil erosion (van Geel et al. 1979). The 
radiocarbon date of 4755±31 BP (5586-5332 cal. BP) places this assemblage in 
Godwin (1975)’s zone VIIb. Micro-charcoal is present throughout this zone. 
AM-10 0.25-0.09m. 
AT PAZ-10 is dominated by Poaceae with peaks of 50 and 45% along with 
abundant amounts of Pteropsida (45%) and Cyperaceae (40%). Arboreal 
species are represented by fluctuating amounts of Pinus (with a small peak of 
10%) along with Alnus, Betula, Salix and Ulmus. Also present are Ilex, 
Lactuceae, Bidens, Caltha, Carduus, Caryophyllaceae, Filipendula, Plantago 
lanceolata, Plantago media/major, Rumex, Succisa pratensis, Callitriche, 
Typha, Lycopodium alpina, Polypodium and  Pteridium.  
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Fungi (Figure 6.2) are represented by an abundance in fungal hyphae and 
small amounts of fungal spores indet., Geoglossum type 77 and ascospores. 
Algae are represented by abundances of psilate algal cysts, Sigmopollis, 
Spirogyra, Meugotia, Dinoflagellate cysts and Zygnemataceae. Micro-charcoal 
is present. Also present in this pollen zone are Spheroidal Carbonaceous 
particles (SCPs) at 0.023m. 
The pollen assemblage for AM-10 indicates a mainly open landscape with 
damp or waterlogged areas and with few trees in the immediate vicinity. The 
ruderals species Lactuceae media/major, Rumex, Succisa pratensis Plantago 
lanceolata, Plantago media/major Carduus and Caryophyllaceae suggest land 
clearance possibly for grazing. The occurrence of Callitriche suggests the 
presence of water that dries out periodically (Palls et al. 1980) while the algal 
species  Sigmopollis, Spirogyra, Meugotia and Zygnemataceae suggest shallow 
open water (van Geel 1980). The occurrence of Spheroidal Carbonaceous 
Particles (SCPs) at 0.23m., gives a date of ca. 1850 for this zone (Rose et al. 
1995; Yang et al. 2001; Swindles and Roe 2006). Micro-charcoal is also in 
evidence in this zone.    
AM-11 0.09-0.00m. 
This, the final zone in the sequence, is dominated by Poaceae which starts 
the zone at 45% before rising to 75%, while Cyperaceae and Pteropsida both 
peak at 20%. Tree species are represented by Pinus and Alnus at 5% with 
small contributions from Betula, Quercus, Salix and Ulmus. Also present in this 
zone are: Lactuceae, Ilex, Bidens, Caltha, Carduus, Filipendula, Plantago 
media/major, Ranunculus, Rumex, Callitriche, Typha and Polypodium.  
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Fungi (Figure 6.2) are represented by abundances of fungal hyphae and 
fungal spores indet. along with Conidia type 173, Geoglossum type 77, 
Gaeumannomyces type 126 and Helicoon. Abundances of Zygnemataceae, 
psilate algal cysts, Sigmopollis Spirogyra and Dinoflagellate cysts represent the 
algal content. Micro-charcoal is present as are Spheroidal carbonaceous 
particles. 
This zone indicates a largely open grassland environment with few arboreal 
species near. The falling values of Cyperaceae and other wetland and algal 
species indicating generally dryer conditions although the percentages of soil 
moisture and organic content fluctuate and rise, magnetic susceptibility 
fluctuates and falls (Figure 5.2). Again the presence of ruderals species 
indicates the possibility of animal grazing. No cereals were recorded in this 
assemblage possibly because the landscape may have been too marginalised 
for cultivation.  
6.3 Thwaite Tarn 
The results from the analysis of pollen diagram and Non-Pollen 
Palynomorphs (Figures 6.3 and 6.4) obtained from Thwaite Tarn are discussed 
below. For ease of interpretation, the profile has been split into 11 assemblage 
zones with each zone having the prefix TT (Thwaite Tarn) with TT-1 at the base 
and TT-11 at the top. The present day vegetation is mainly grassland and is 
used for sheep grazing. 
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6.3.1 Thwaite Tarn Pollen Zones 
TT-1 2.78-2.55m. 
The pollen accumulation of this basal zone is abundant with Poaceae 
peaking at 60% dominating the bottom two thirds of the zone and Betula, also 
peaking at 60%, as the dominant flora top third. Pinus with peaks of 15 and 
20% is also well represented as is Salix with a peak of 10% while Betula nana 
has a peak of 15% near mid-zone. Shrubs are represented by Ericaceae 
through most of the zone with a peak of 10% and Juniperus at 5% in the lower 
part while Corylus has small peaks of around 3% near the zone top. As well as 
Poaceae, herb species are represented by a small peak of Asteraceae as well 
as peaks of Chenopodiaceae, Helianthemum, Plantago lanceolata and 
media/major, Succisa pratensis and Trifolium. Wetland species are well 
represented by Cyperaceae and Stratiotes along with peaks of Filipendula, 
Hottonia, Myriophyllum and Nymphae while Pteropsida and Pteridium put 
together a strong representation for fern and moss species along with 
Anthyrium at the zone base and a strong peak of Selaginella mid zone. Also 
present in this zone are: Hippophae, Ilex, Galium, Viola, Callitriche, Lycopodium 
selago, Polytrichum, Pteropsida, and Sphagnum. 
Fungal spores (Figure 6.4) are represented by abundances of Rhabdocoella 
type 353 which has 3 peaks in the zone along with small abundances of fungal 
hyphae, indet. fungal spores, Microthyriaceae type 8 and Sordaria sp. type 55.  
Algal spores are well represented by algae indet. which have a peak mid 
zone and a major peak at the zone top,  Psilate algal cysts which rise to a major 
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peal mid zone and then rapidly fall away and abundances of Desmid 
Cosmarium which rise to a major peak at the zone top. There are also smaller 
abundances of Dinoflagellate cysts and Sigmopollis mid zone, Botryococcus 
which is present in small amounts throughout the zone as well as a miniscule 
amount of Meugotia. Micro-charcoal is also present.  
The stratigraphy of this zone is organic silt changing to organic clay with 
fluctuating amounts of soil moisture and organic content. Magnetic susceptibility 
values are also low (Figure 5.5).  With abundant quantities of pollen, the 
assemblage of this basal zone sees a major shift from an open herb dominated 
grassland, with weed species Chenopodiaceae, Helianthemum and Plantago, to 
arboreal domination with quantities of birch and pine at the zone base leading to 
a closed canopy of mainly birch at the zone top. There is also a pronounced 
peak in dwarf birch (Betula nana) just below the middle of the assemblage. 
Shrub species are scarce in this zone although Ericaceae - probably Empetrum 
(Godwin 1975 p.301) - is present throughout the zone and Juniperus amounts 
can be seen in the first half of the zone. Wetland species amounts are also 
quite abundant with Cyperaceae values fluctuating well up the zone as do 
Filipendula while amounts of Myriophyllum, Nymphae, Hottonia and Stratiotes 
indicate the occurrence of ponding (Fitter et al.1974; Stace 1997); some of 
which may have been temporary with Cosmarium - a pioneer species - and 
Botryococcus generally living in temporary pools (van Geel et al.1989;1991) 
along with abundances of Spirogyra. The amounts of Salix (possibly Salix 
herbacea) along with Juniperus and the peak of Betula nana perhaps reflect 
tundra like conditions may possibly place the base of this assemblage near the 
top of Godwin (1975)’s Zone I with the increase in Betula  at the zone top at the 
base of zone II. However, summer temperatures at the time would have been 
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fairly temperate as the algae Spirogyra needs optimal growth conditions above 
20ºC to photosynthesise (van Geel 1980). 
TT-2 2.55-2.33m. 
This pollen assemblage is dominated by Poaceae with peaks of 60 and 65% 
interspersed with a fall to 25%. Woodland species are represented by varying 
amounts of Pinus falling from 20% to 5% then climbing to 15%, Betula rising 
from 2% to 10% then falling back to 5% and Salix with peaks of 15%. There are 
also small peaks of Betula nana (2 and 55% respectively, and Quercus, which 
has a small peak near the top of the zone. Cyperaceae rising erratically with 
peaks 15 and 20% along with small amounts of Filipendula, Nymphae and 
Typha represent wetlands. Shrub species are represented by Ericaceae, which 
is present from the middle to the top of the zone and peaks at 5%; Frangula, 
(2%) near the top of the zone and Juniperus with small peaks of 5 and 2% at 
the bottom and top of the zone. Fern and moss representation is dominated by 
Polytrichum and Botrychium (10%), Anthyrium (8%) and Pteropsida at 5%.  
There are also presences of: Asteraceae, Chenopodiaceae, Lactuceae, 
Plantago media/major, Ranunculus, Succisa pratensis, Helianthemum, Ulex, 
Galium, Polemonium, Hottonia, Sedum, Lycopodium selago and Selaginella in 
this assemblage. 
Fungi are represented by abundances of Hyaline microfossils type 221 and 
fungal spores indet. and algae are represented by abundances of Algae indet. 
Botryococcus, Desmid Cosmarium, Psilate algal cysts and Spirogyra. Micro-
charcoal is also present.   
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The stratigraphic characterisation for this zone changes from organic silt to 
organic clay at 2.41m. After an initial spike, both soil moisture content and loss 
on ignition values drop rapidly before recovering and climbing to further peaks 
while after a short climb, magnetic susceptibility remain fairly constant. The 
pollen assemblage for this zone is dominated by herbaceous taxa consisting of 
mainly Poaceae; while Betula, which dominated the top of the previous zone, is 
greatly diminished leaving Pinus as the main woodland species which may 
indicate an overall cooler period. This is further evidenced by the small amounts 
of Betula nana and Juniperus in this assemblage. There is also evidence of 
increasing amounts of wetland areas through the zone-mainly vegetated by 
Cyperaceae although Nymphae is in evidence at the bottom of the assemblage 
and Stratiotes is found near the top probably in ponds with Cosmarium and a 
little  Spirogyra in attendance at the zone base. A major collapse probably 
caused by an environmental change occurs in pollen assemblage at 2.41m. - 
the occurrence of the change in stratigraphy and fall in soil moisture and loss on 
ignition values. Micro-charcoal is in evidence throughout this assemblage.        
TT-3 2.33-2.17m.  
This zone, like TT-2, again is dominated by Poaceae rising from 40% to 
peak at 55% then falling back to finish at 40%. Arboreal species are more in 
evident in this assemblage than the previous one with Pinus rising from 10% to 
peak at 35% then falling to 30% while Betula rises from 25% to 30% before 
falling to 5%. Small amounts of Salix can also be seen while Betula nana peaks 
of 2 and 5% are found just below the middle of the zone and again near the 
zone top. Shrub species are also more in evidence in this assemblage with 
rising values of Juniperus from 2 to 15% and Ericaceae with a peak of 10% 
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along with a small amount of Frangula. Wetlands are represented by 
Cyperaceae values-which fall from 20% to 2% towards the middle of the zone 
before rising again to 8% - along with a 10% peak of Nymphae in the middle of 
the zone as well as Filipendula (5%), Hottonia and Myriophyllum (2%) while 
Anthyrium (10%), Polytrichum (5%), Pteropsida (5%) along with small values of 
Osmunda, Dryopteris and Huperzia selago represent ferns and mosses.  
Also present are small amounts of Chenopodiaceae, Plantago media/minor 
Caryophyllaceae, Galium, Lycopodium alpina, and Bidens. 
Fungi are represented by small abundances of indet. fungal spores and 
algae are quite well represented by abundances of Psilate algal cysts, Desmid 
Cosmarium, algae indet., throughout the zone, Dinoflagellate cysts mid-zone 
and  Sigmopollis, Spirogyra, Botryococcus and Penium at the top of the zone. 
Micro-charcoal is also present.  
The stratigraphic characterisation of this zone changes gradually from 
organic silt at the zone base to organic clay near the zone top with moderate 
fluctuating levels of soil moisture content and low organic content while 
magnetic susceptibility levels rise rapidly near the zone top. The pollen 
assemblage is characterised by fluctuations in amounts of both arboreal and 
herb pollen; a rise in shrub pollen and diminishing amounts of wetland pollen. 
As with the previous zone, the peaks of Betula nana and the rising amounts of 
Juniperus pollen along with the fall in Betula, could indicate a cooler period and 
with the deterioration of wetland pollen, a gradually drying environment probably 
with residual ponds. However, the occurrence of Spirogyra near the top of the 
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zone may indicate relatively warm summer temperatures as their optimal growth 
conditions are 20ºC. Micro-charcoal is also in evidence in this assemblage.  
TT-4 2.17-201m. 
This pollen zone is again dominated by Poaceae with peaks between 55% 
and 80% while Pinus values range from 10% to 25% while Salix, apart from a 
small dip mid- zone is constant at 5%. For wetland species, Cyperaceae is 
present in the zone with peaks of 19% near the bottom of the zone and 5% at 
the zone top and Selaginella has small peaks of 2% and 5% at the bottom and 
middle of the zone. Small percentages of Betula, Filipendula, Chenopodiaceae 
and Ericaceae can be seen throughout the zone as well as Lycopodium selago, 
Ilex, Lactuceae, Pteropsida and Dryas. 
Fungi are represented by abundances of Sordaria type 55 near the bottom 
of the zone, indet. fungal spores near the bottom and at the top of the zone, 
fungal Hyphae near the top of the zone and  Geaunnomyces type 126 at the 
zone top while algae representation is by abundances of Psilate algal cysts, 
algae indet. and Botryococcus through most of the zone while Spirogyra is 
present mid-zone. Micro-charcoal is also present. 
The stratigraphic characterisation of this zone is organic clay with declining 
levels of soil moisture, organic content and magnetic susceptibility values. The 
pollen assemblage indicates an open landscape with a dominant herbaceous 
taxa. There is a dynamic arboreal content mainly consisting of varying amounts 
of Pinus and Salix – possibly Salix herbacea - while Betula values, apart from a 
small resurgence near the base of the assemblage, are sparse. Wetlands also 
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decline steadily as the zone progresses and, with the low Betula content, may 
indicate colder, dryer conditions. However, as with TT-4, the abundances of 
Spirogyra towards the top of the zone could again indicate the possibility of 
warmer summer temperatures. Micro-charcoal again is present throughout the 
zone.    
TT-5 201-141m. 
The pollen assemblage for TT-5 is dominated by Poaceae which starts the 
zone at 55% before falling gently to 15%, rising again to a peak of 70% then 
falling sinuously to at 25% at the zone top. Betula rising from 10% at the zone 
base to twin peaks of 60% near the zone top before falling to about 3%, rises to 
25% before again falling to 2% then rising sharply to 15% at the zone top. Pinus 
rises to 15% before falling to 5% and rising to 60% in the middle, falling to 25% 
and rising to 30%.15% then rises again to a small peak of 18%, falling again 
to10%, rising to 25% before falling to a plateau of 15% and falling in steps to 
10% at the zone top while. Salix is present throughout the zone undulating from 
10% at the zone bottom to about 2% then fluctuating to small peaks of 13% and 
15% before falling to around 2% then rising again to 5% at the zone top while 
Betula nana has a small peak of around 2% mid-zone and a larger peak of 10% 
then falls away completely and the rises to end at 5%. 
Shrubs are represented by Ericaceae rising to a small peak of 5% mid-zone 
then falls away to about 1%, rising again to 5% before ending with a peak of 
10% at the zone top while Juniperus has small peaks under 5% and Corylus 
appears near the top of the zone with peaks of 10% and 15% at the zone top. 
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Cyperaceae starts the zone at 15%, falls to 2% and rises to 25%, before 
falling gently back to 2%, rises to plateau at 15% before rising to 20% before 
falling to zero at the zone top; Filipendula has a small peak at the zone base 
then rises to peaks of 15% mid-zone and then to 20% near the top before falling 
to around 2% at the zone top while Pteropsida rises to a peak of 20% mid-zone 
falls slightly then rises again to 15% and then falls to 5% at the top of the zone. 
Also present are: Bellis, Rumex, Trifolium, Selaginella, Umbeliferae 
Lactuceae, Lycopodium selago, Bidens, Plantago media/major 
Chenopodiaceae, Lycopodium alpina, Bidens, Carduus, Quercus, Plantago 
media/major, Alnus, Callitriche, Typha and Dryopteris. 
Fungi are represented by abundances of indet. fungal spores  and fungal 
hyphae throughout the zone whilst there are small abundances of  Geoglossum 
type 77 at the bottom  middle and top of the zone. Conidia type 125, Globose 
fungal cells type 200, Sordaria type 55, fungal remains and Herpotrichiella type 
22 in the middle of the zone. Microthyriaceae type 8 and Chaetomium type 7 
are present near the zone top. 
There are abundances of Algae indet. Psilate algal cysts and Botryococcus 
throughout the zone with a major Botryococcus peak near the bottom of the 
zone while Dinoflagellate cysts with abundance peaks bottom, mid and at the 
top of the zone, Spirogyra and Zygospores are abundant from the middle to the 
top of the zone as is Sigmopollis while Zygnemataceae and Penium 
abundances are mid zone and Desmid cosmarium has peaks of abundance at 
the base and middle of the zone. Micro-charcoal is also present. 
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This is a dynamic zone with the stratigraphy changing from organic clay to 
organic shelly silt, then back to organic clay then to organic silt back to organic 
shelly silt. The soil moisture and organic content both fluctuate rapidly but 
magnetic susceptibility values remain fairly stable. The pollen assemblage also 
changes frequently in this zone with rising arboreal pollen in the lower sector 
reflecting the increasing amounts of Betula at the expense of declining Poaceae 
values possibly reflecting a warming environment. However, from the middle of 
the zone upwards, Poaceae amounts recover to re-assert herb domination. 
Wetland species, after a brief fall, also increase through most of this 
assemblage with fluctuating Cyperaceae values augmented by increases in 
Filipendula especially in the upper reaches of the zone while fluctuations in 
Ericaceae and Juniperus along with the emergence of Corylus at the top of the 
assemblage provide brief rallies for shrub species. The rise in Betula nana and 
Juniperus towards the middle of the zone raises the possibility of a cooler 
period although abundances of Spirogyra indicate warm summer periods. 
Micro-charcoal is also evident in this zone.   
TT-6 1.41-1.15m. 
TT-6 is dominated by Betula starting the zone at 60%, falling 40% mid-zone 
then rising to fluctuate around 65%, falling to finish at 45% at the top of the 
zone. Poaceae begins the zone at 10% and rises to 15%, falls gently back to 
10% before rising to 20% then falling again to 10%. It then rises to fluctuate 
around 20% at the top of the zone. Pinus rises to a small peak of 15% before 
falling to 5% then rising gently back to 20% at the zone top while Salix values 
are around 5% throughout the zone while. Corylus rises quickly to 15%, falls 
slightly before rising sharply to peak at 30%. It then falls to a plateau of 10% 
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before again rising sharply to 40% at the top of the zone. Pteropsida starts the 
zone at 15% then rises to fluctuate at 20%. It then falls gently to 5% then 
plateaus at 10%. This zone also has present: Lycopodium selago, Dryopteris, 
Ericaceae, Quercus, Alnus, Ulmus and Stratiotes. 
 Abundances of indet. fungal spores are present through the zone in 
fluctuating amounts as are fungal spores type 123 which have a pronounced 
peak at the top of the zone. Conidia type 173 are present near the bottom of the 
zone, Geoglossum type 77 and Sordaria sp. type 55 are present near the 
middle of the zone whilst fungal hyphae can be seen near the zone top. 
Algae are represented by large abundances of Zygospores noted in the 
zone in a series of peaks while smaller abundances of Spirogyra can also be 
seen throughout the zone.  Algae indet. and Psilate algal cysts can be seen 
through most of the zone, while Dinoflagellate cysts are present at the bottom 
and middle of the zone, abundances of Botryococcus are present in the middle 
and at the top of the zone and Penium and Sigmopollis are present at the zone 
top.  Micro-charcoal is also present. 
The stratigraphy of this pollen zone is organic silt with fluctuating water and 
organic content. The pollen assemblage indicates a woodland zone with a big 
rise in Betula values probably indicating warmer temperatures. Pinus values 
fluctuate as do those of Salix. There are also small fluctuations in Alnus and 
Quercus while Ulmus appears at the zone top. Poaceae decreases along as 
does Plantago media/major which prefers a more open aspect (Fitter et al. 
1974; Stace 1997). Corylus rises sharply to a peak mid zone and, along with the 
dominance of birch and the constant values of pine, may place this zone near 
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the top of Godwin (1975)’s zone IV. Again differing trophic levels seem likely in 
ponds or pools with abundances of Zygospores (mesotrophic: van Geel 1980), 
Spirogyra (eutrophic: van Geel 1980) and Botryococcus (freshwater: van Geel 
2001) along with other algal spores in evidence. Micro-charcoal is also present 
in the zone.  
TT-7 1.15-0.95m. 
TT-7 is dominated by Corylus starting at 55%, rapidly falling to 25% before 
rising again to 55%, falling gently to 35% before rising rapidly to end the zone at 
45%. Pinus begins the zone at 15%, rises gently to 40% before falling to end 
the zone at 30%. Ulmus rises to 15% before falling to 5%, rising again to 15% 
then again falls to 5%. Betula rises to 10% falls to 2% before rising to finish at a 
small peak of 5% while small peaks of Salix are present throughout the pollen 
zone. Poaceae rises sharply to a peak of 55% before falling sharply to 5%, 
rising again to 15% then falling to end the zone at 10% while Pteropsida 
fluctuates around 5% before dropping out near the top of the zone. 
 Also present are: Cyperaceae, Lactuceae, Polypodium and Pteridium, 
Dryas, Tilia and Sphagnum.  
Fungi are represented by large abundances of indet. fungal spores with a 
series of peaks and fungal hyphae with a major peak mid-zone while small 
abundances of  Brachyosporium type 359 are near the bottom of the zone and 
Microthyriaceae type 8 abundances are near the bottom and middle of the 
zone. 
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Abundances of algae indet. and Psilate algal cysts are present throughout 
the pollen zone. Spirogyra is present at the base, middle and top of the zone 
while abundances of Botryococcus and Dinoflagellate cysts and Zygospores 
can be seen at the base of the zone Desmid cosmarium, Desmid Staurastrum 
and Sigmopolis can be seen at the top of the zone. Micro-charcoal is also 
present. 
The stratigraphy of this pollen zone is an herbaceous humified silty peat 
with sharply rising water and organic content. Again the pollen assemblage 
indicates a woodland zone with abundant values of Corylus gently diminishing 
before rising sharply to dominate the assemblage. As values of Corylus decline 
gently, Pinus rises concomitant with the Corylus fall. Quercus values also rise 
as do Ulmus with two distinct peaks in this assemblage while birch values fall 
significantly.  At the start of the zone, there appears to be a brief opening of the 
tree canopy allowing for a brief resurgence of grassland and small peaks of 
Pteridium and Polypodium. Once again differing trophic levels are indicated in 
pools and standing water with abundances of Spirogyra, Botryococcus, 
Dinoflagellate cysts as well as Zygospores Desmid Cosmarium, Desmid 
Staurastrum and Sigmopolis. A radiocarbon date of 8278±49 BP (9434-9122 
cal. BP) near the base of this assemblage places the zone around the start of 
Godwin (1975)’s zone V. Micro-charcoal is also present in this zone. 
TT-8 0.95-0.75m. 
Pinus dominates this assemblage rising to 85% before falling to 70% and 
rising again to 80% before a final fall to 55%.  Quercus falls from 15% to around 
1% before rising to fluctuate around 5% and Poaceae rises to fluctuate around 
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20%. Corylus falls rapidly from 45% to 10% then gently decreases to about 2% 
before rising to 15% at the zone top while Cyperaceae values rise from 10% 
mid-zone to 40% at the zone top and Pteropsida meanders from 10% to end at 
1%. There is also a presence of:  Salix, Ulmus, Alnus, Betula, Pteridium, 
Lycopodium selago and Sphagnum. 
Fungi are represented by peaks in abundance of indet. fungal spores and 
fungal hyphae throughout the zone, Microthyriaceae type 8 at the zone base 
and a major peak in abundance of depressed Globose microfossils type 254 
mid - zone. 
Algae are represented by abundances of algae indet. psilate algal cysts 
Spirogyra  and Sigmopollis in varying amounts throughout the zone,  Desmid 
Cosmarium and Desmid Staurastrum  at the bottom and top of the zone, 
Zygnemataceae mid-zone and Botryococcus at the zone top. Micro-charcoal is 
also present. 
The stratigraphic characteristic for this zone is humified herbaceous silty 
peat with high water and organic content. Once again an arboreal assemblage 
is indicated with high values of Pinus and diminishing amounts of Corylus. 
Ulmus and Betula have small peaks near the base of the zone and Ulmus has 
another peak at the zone top although amounts are small. Poaceae values are 
also low although there are small peaks from the mid-zone upwards which 
appear to inter-digitise with peaks and troughs in the Pinus curve which may 
indicate fluctuations in the canopy cover. The re-emergence of Cyperaceae 
mid-zone may show a move towards a damper climate as may the small peaks 
of Sphagnum. Localised ponds and pools again are indicated by abundances of 
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algal spores Spirogyra and Sigmopollis. The high Pinus values may place this 
zone in zone VIc of Godwin (1975)’s schemata. Micro-charcoal is also present. 
TT-9 0.75-0.59m.  
This pollen assemblage is dominated by Poaceae rising gently from 10% to 
55% before falling to end the zone at 45%. Cyperaceae falls gently from 50% to 
25% before rising 40% at the zone top while Pinus falls from 15% to 10% then 
alternates between 10% and 5%. Corylus starts at 15% then falls to fluctuate 
between 1%, and 2%. Pteropsida starts at 5%, rises to 10% then falls to 1% 
whilst Polypodium rises from 1% to 2%. 
There is also a presence of: Lycopodium selago, Alnus, Ulmus, Quercus, 
Salix, Selaginella, Ericaceae, Lactuceae, Plantago media/major, Rumex, 
Succisa pratensis Pteridium and Cereal at the top of the zone. 
Abundances of fungal hyphae indet. fungal spores occur throughout the 
zone, Bicellular ascospores type 18 are present near the zone base, 
Microthyriaceae type 8 are present near the base and mid-zone, 
Chlamydospores type 11 are mid-zone, Gaeumannomyces type 126 Globose 
fungal cells type 200 are present mid-zone and near the top and Sordaria type 
55 are present at the top of the zone. 
Algae are represented by algae indet. with an abundance peak near the 
base of the zone, Psilate algal cysts with peaks of abundance at the base and 
near the top of the zone, Sigmopollis, which has a major abundance peak near 
the zone base and Spirogyra with small peaks of abundance throughout the 
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zone. There are also abundances of Botryococcus, Desmid Cosmarium and 
Desmid Staurastrum at the base of the zone. Micro-charcoal is also present. 
The stratigraphy of this pollen zone is humified herbaceous silty peat with 
fluctuating water content and falling organic values. The pollen suite indicates 
an open damp environment with Cyperaceae values gently diminishing and 
then rising along with rising values of Poaceae along with values of Succisa 
pratensis - a lover of damp places (Mabey 1997), while enough acidification 
must have taken place for curves of Polypodium and Pteridium (Stace 1991). 
The pollen curves for Corylus and Pinus diminish rapidly while amounts for 
Quercus and Salix remain low. Amounts of Cerealia near the zone top indicate 
cultivation must have taken place nearby. Amounts of water either as pools or 
ponds are indicated by the abundances of algae with differing trophic levels 
from fresh water (Sigmopollis and Botryococcus), to meso and eutrophic 
(Spirogyra, Desmid Cosmarium and Desmid Staurastrum. A radiocarbon date of 
4342±28 BP (4972-4847 cal. BP) places this assemblage around the boundary 
of zones VIIa and VIIb of Godwin (1975)’s schemata.  Diminishing amounts of 
micro-charcoal are also present. 
TT-10 0.59-0.43m. 
Poaceae dominates this pollen assemblage starting at 70% before dropping 
to 50% before rising to 60% at the top of the zone and Cyperaceae starts the 
zone at 20% before rising to 40% at the zone top.  Lactuceae starts the zone at 
10%, falls to 5% and the rises to 15% before falling to 1% at the top of the zone. 
Pinus amounts fall away from 5% while Quercus values rise to5%.  
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Also present are: Cirsium, Typha, Alnus, Bellis, Selaginella, Cereal, Urtica 
Corylus, Pteropsida, Salix, Plantago media/major, Callitriche, Lycopodium 
selago and Sphagnum. 
Fungi are represented by abundances of fungal hyphae with large peaks top 
and bottom while indet. fungal spores can be seen throughout the zone. There 
is also an abundance of Herpotrichiella type 22 at the zone base  as well as 
abundances of Conidia type 125, Geoglossum type 77, Sordaria type 55 mid-
zone and an abundance of Bicellular ascospores type 18 at the zone top. 
Algae are represented by an abundance of Spirogyra throughout the zone 
while abundances of algae indet., Desmid Staurastrum and Sigmopollis are  
near the zone top. Micro-charcoal is also present.  
The stratigraphy for this pollen zone is humified herbaceous silty peat with 
high water and organic contents. The pollen assemblage indicates open 
grassland with high values of Poaceae, a small curve of Lactuceae and 
diminished Cyperaceae levels. Pinus, Corylus and Alnus levels diminish while 
Quercus and Salix rise slightly indicating that woodland still had a presence 
near the site. Again Cereal cultivation must have been taking place near the 
site, while phosphate levels at the top of the zone must have been high enough 
for amounts of Urtica to grow. Seasonal ponds must have occurred for the 
establishment of Callitriche (Palls et al. 1980) with meso to eutrophic conditions 
for algal spores of Spirogyra and Desmid Staurastrum (van Geel 1980) although 
near the top of the zone fresh water must have been available for Sigmopollis to 
spore (van Geel et al. 1989). Small amounts of Micro-charcoal are also present. 
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TT-11 0.43- 0m. 
This pollen zone is dominated by Cyperaceae which oscillates between 
60% and 40% for most of the zone before falling to of starting at 58%, falling to 
then rising to falling again to 50%, rising again to peak at 65% before falling to 
5% at the zone top.  
Poaceae amounts also fluctuate between 35% and 50%, before rising 
sharply to 85% and the falling to 80% at the top of the zone. Pinus rises from 
1% near the base of the zone to 20% then falls to zero at the zone top while 
Corylus fluctuates around 5% throughout the zone. Quercus starts at 8%, peaks 
at 10% then falls gently to 2% while Plantago media/major rises from around 
1% to 5%. Polypodium starts at 5% then falls to 2% and Selaginella has small 
peaks of around 3% near the middle and top of the zone. Also present are: 
Huperzia selago, Ilex, Asteraceae, Plantago lanceolata, Galium Alnus, Betula, 
Salix, Ericaceae, Filipendula, Ranunculus, Callitriche, Sphagnum Potentilla, 
Umbeliferae Ulex, Salix, Rumex, Ranunculus, Filipendula, Succisa pratensis, 
Stratiotes, Lycopodium alpina, Chenopodiaceae Pteridium Pteropsida, , Sorbus, 
Tilia, Ulex, Lactuceae, Pteridium, Pteropsida. 
Fungi are represented by large abundances of fungal hyphae from near the 
bottom to the top of the zone as well as smaller abundances of indet. fungal 
spores. Abundances of Gaeumannomyces type 126 can be observed in the 
middle of the zone and small abundances of Sordaria type 55, Globose fungal 
cells type 200, Geoglossum type 77, Eurycercus type 72, Conidia type 125, 
fungal remains Microthyriaceae type 8, Tetraploa arista type 89 and 
Lasiophaeria sp. type 63 are also present. Algae are represented by algae 
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indet. Botryococcus and Spirogyra through most of the zone as well as 
abundances of Sigmopolis and smaller abundances of psilate algal cysts, 
Zygnemataceae, Penium and Dinoflagellate cysts. Micro-charcoal is present 
throughout the zone and SCPs are also present at the zone top.  
The stratigraphic characterisation of this pollen zone changes gradually 
from humified herbaceous silty peat through to silty herbaceous peat then to silt 
with herbaceous organics. There is a significant decline both in water and 
organic content mid zone, though both recover by the zone top while, magnetic 
susceptibility values, after a brief dip near the zone start, increase. The pollen 
assemblage at the start of this zone indicates damp open conditions with high 
Cyperaceae values and moderate amounts of Poaceae. There are also rising 
curves for, Corylus and Quercus probably indicating nearby woodland. Rising 
values of Plantago media/major and the ruderals Lactuceae, Rumex and 
Ranunculus along with Filipendula and Succisa pratensis, may indicate an 
ecological change to established grassland. From mid zone, arboreal changes 
see steady declines in Corylus, Quercus, Salix and Betula. There are, however 
increases in values of Pinus - possibly caused by the establishment of 
plantations. In the upper reaches of the zone, the pollen assemblage indicates a 
change to open grassland with high values of Poaceae. Yet again seasonal 
ponding must have occurred for amounts of Callitriche to establish and again 
the ponds must have had changing trophic levels with abundances of 
Botryococcus, Sigmopolis and Spirogyra, Zygnemataceae and Dinoflagellate 
cysts. Micro-charcoal is present throughout the zone while spheroidal 
carbonaceous particles (SCPs) are present at the top of the zone. The 
occurrence of SCPs at 0.21m., gives a date of 1850 for this zone (Rose et al. 
1995; Yang et al.2001; Swindles and Roe 2006).  
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6.4 Rough Haw 
The results from the analysis of pollen and Non-Pollen Palynomorphs 
(Figures 6.5 and 6.6) obtained from Rough Haw are discussed below. For ease 
of interpretation, the profile has been split into eight assemblage zones with 
each zone having the prefix RH (Rough Haw) with RH1 at the base and RH-8 at 
the top of the diagrams. The present day vegetation at Rough Haw is grass 
dominated heath. There is a stand of pine trees about 100m from the study site.  
6.4.1 Rough Haw Pollen Zones 
RH-1 1.98-1.73m. 
This basal pollen zone is dominated by Pinus, rising from 20% at the base 
to peak at 45% before falling in stages to 2% at the zone top whilst Alnus rises 
gently to 10% and then rapidly climbs to end the zone at 40%. Salix rises to a 
plateau of 10%, rises to 15% then falls back to 10%; Betula rises to 15% before 
falling to 3%. Quercus rises gently from 2% to 4%, falls slightly before rising to 
5%, while Ulmus rises sinuously to 5% then falls to 2% at the zone top. Corylus 
amounts rise erratically to peak at 30% before falling to end the zone at 20%. 
Pteropsida starts the zone at 30%, falls to zero, rises slightly before falling to 
end the zone at 1% and Poaceae starts the zone at 20% then gently falls to end 
the zone at 7%. Sphagnum rises gently to a peak of 5% near the zone top 
before falling rapidly to zero while Cyperaceae starts the zone at 5% then falls 
gently to 1% before rising to end the zone at 10%. Also present are: Juniperus, 
Betula nana, Ericaceae, Polypodium, Pteropsida and Pteridium. 
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Algae are represented by a large abundance of algae indet. throughout the 
zone with abundances of: Zygnema type 341at the bottom of the zone, Psilate 
algal cysts at the top of the zone, Zygnemataceae mid and top zone and 
Spirogyra throughout the zone.  
The stratigraphic characterisation of this pollen zone is grey silty clay with 
rising values of soil moisture, organic content and magnetic susceptibity. The 
pollen assemblage shows a rising arboreal and shrub content and, with little 
herb pollen probably indicates a fairly closed canopy although the small 
amounts of Pteridium suggests some breaks in tree cover. There is also a 
probability of wet or damp patches as evidenced by amounts of Cyperaceae 
and Sphagnum – probably with shallow eutrophic pools to allow for Spirogyra 
and Zynema spores. There were probably  fluctuations in climate in this zone as 
small amounts of Betula nana and Juniperus in the lower part of the zone 
suggest cool conditions however, Spirogyra abundances suggest summer 
temperatures over 20ºC (van Geel 1980). Micro-charcoal is also present. 
RH-2 1.73-1.43m. 
Pollen in this assemblage zone is dominated by Alnus oscillating between 
40% and 30% in the lower part of the zone before falling to end the zone at 
20%. Salix rises to 20%, falls slightly then rises to a further peak of 25% before 
falling gently to 10% at the top of the zone while Quercus rises to 12%, falls 
gently and rising again to 12% to end the zone. After an initial fall, Betula rises 
sharply to peak at 20% before falling to 10%; Ulmus fluctuates between 10% 
and 5%, while Pinus falls from 5% at the start of the zone to zero in the zone 
middle. 
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Corylus rises to 20% at the zone base before falling to a low of 10% then 
rises sinuously to 25% at the zone top. Cyperaceae fluctuates between peaks 
of 10% at the bottom middle and top of the zone separated by lows of around 
2%, Pteropsida rises to 10%, falls gently to 2% before rising again to 10% then 
falls to 1% and Poaceae rises to 7% then falls sharply to 1% before rising to 
undulate around 5% mid-zone then falling to 2%. Also present are: 
Helianthemum, Sphagnum, Myriophyllum, Tilia, Polypodium and Pteridium. 
Fungi are represented by abundances of fungal hyphae at the top of the 
zone, Microthyriaceae type 8 at the bottom and top of the zone, Sordaria type 
55 in the middle and at the top of the zone and Rhabdocoella type 353 and 
indet. fungal spores at the bottom, middle and top of the zone.  
Algae are represented by large abundances of algae indet. with a 
pronounced peak mid-zone and smaller abundances of Psilate algal cysts, 
Zygnema type 341 and  Zygnemataceae mid-zone and Spirogyra at the bottom 
middle and top of the zone. Micro-charcoal is also present.  
This zone is characterised stratigraphically as grey silty clay with high soil 
moisture content, increasing organic content and, after an initial peak, constant 
magnetic susceptibility values. The pollen assemblage shows a general high 
arboreal suite with a consistent shrub presence, a low herbaceous content and 
a low wetland component. The decline in Pinus at the start of this assemblage 
is marked by the sudden rise in Alnus and expansions in Quercus, Salix, Ulmus 
and Tilia indicating a change to a more temperate environment. This view may 
be reinforced by the almost constant presence of the algae Spirogyra, a species 
that requires summer temperatures of at least 20ºC in order to sporulate. The 
163 
rise in Alnus possibly places this assemblage on the transition of Godwin 
(1975)’s zones VII and VI about 7000 BP as this transition was marked by the 
sudden expansion of alder and lime in parts of Great Britain (Godwin 1975 p. 
53). After an initial peak, there was intermittent evidence of Micro-charcoal in 
this zone.   
RH-3 1.43-1.21m. 
This pollen assemblage is dominated by Corylus, falling gently from 35% at 
the base to 15% before rising to 20% at the zone top. Betula levels fall from 
20% to fluctuate around 15% mid-zone before rising to 30% at the zone top 
while Alnus falls from 20% to 13% before rising to fluctuate around 15% at the 
zone top. Quercus rises sinuously to 20% and Salix falls from 7% to 5% before 
falling gently to zero. Ulmus falls away from 5% before rising to 7% then falls 
away again while Cyperaceae levels fluctuate around 5%. Poaceae values rise 
to 8% then oscillates between 2 and 5%, Pteropsida fluctuates between 2 and 
5% and Sphagnum fluctuates between 2 and 4%. Also present are: Ilex, Tilia, 
Bidens, Filipendula, Pinus, Polypodium and Pteridium. 
Fungi are represented by abundances of type 16 and Meliola type 14 near 
the top of the zone, Gelasinospora sp. type 1 and indet. fungal spores at the 
middle and top of the zone, and fungal hyphae, Rhabdocoella type 353 and 
Sordaria type 55 at the bottom, middle and top of the zone. 
Algae are represented by moderate abundances of algae indet. throughout 
the zone and small abundances of Sigmopollis and Botryococcus mid-zone, 
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Dinoflagellate cysts and Spirogyra at the middle and top of the zone. Micro-
charcoal is also present. 
Silty grey clay with high soil moisture and organic contents and rising values 
of magnetic susceptibility characterises the stratigraphy of this pollen zone. The 
pollen assemblage shows a high woodland content with moderate shrub 
growth, low wetland amounts and intermittent herb expansion. Arboreal pollen 
indicates an expansion of Betula and Quercus at the expense of declining 
values of both Alnus and Salix possibly indicating a drying environment. Ulmus 
values also decline towards the top of this zone. The combination of woodland 
pollen along with Corylus (the dominant shrub species) would make a fairly 
dense canopy shading out most of the herb growth in this assemblage although 
low values of Cyperacae indicate some wetland areas with shallow and 
probably eutrophic pools indicated by the spores of Spirogyra and Zygnema 
type 341 (van Geel et al. 1980/1981). A radiocarbon date of 5969±41 (5913-
5724 cal. BP) near the base of this zone places the beginning of this 
assemblage near the top the middle of Godwin (1975)’s zone VIIa while another 
radiocarbon date of 5290-5382 is approximately on the boundary of Godwin 
(1975)’s zones VIIa and VIIb, an horizon that is marked by a widespread 
recession of Ulmus values (the elm decline) (Godwin 1975 p.53), and taken to 
correspond with the Atlantic/Sub-boreal transition (op cit) (Table 2.3). Small 
amounts of Micro-charcoal are also found in this zone.  
RH-4 1.21-1.18m.  
The assemblage of this pollen zone is dominated by Poaceae rising in a 
series of progressions to a peak of 45% before falling to 15% at the zone top. 
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Cyperaceae peaks at 40% before falling gradually to 20%, rising slightly then 
falling to 7% at the top of the zone. Ericaceae rises in steps to 45% before 
falling swiftly to 8% then rises to fluctuate and finish the zone at 12%. 
Sphagnum rises sharply to 30% before falling to 2%. It then rises to 20% where 
it oscillates 5% and 20% before rising steeply to 55% at the zone top. Betula 
falls from 15% to 1%, rises again to 8% before falling back to 1% then 
undulates gently to the top of the zone. Also present are: Corylus, Alnus, Salix, 
Plantago media/major, Pteridium, Helianthemum, Chenopodiaceae, Drosera, 
Fraxinus, Quercus, Rosaceae, Filipendula, Lactuceae, Rumex, Geum and 
Pteropsida.    
Fungi are represented by large abundances of fungal hyphae throughout 
the zone as well as smaller abundances of indet. fungal spores, Rhabdocoella 
type 353 and Sordaria type 55 throughout the zone. There is a peak in 
abundance of Gelasinospora sp. type 1 in the middle of the zone and a smaller 
abundance peak of Meliola type 14 near the base of the zone. 
Algae are represented by large abundances of indet. algae throughout the 
zone. There are also large peaks of abundance for Spirogyra, Zygnema type 
341 and Zygnemataceae, with smaller abundance peaks for Botryococcus in 
the middle and top of the zone and psilate algal cysts at the bottom, middle and 
top of the zone.  
This zone is characterised stratigraphically as dark brown amorphous peat 
with gentle rises in soil moisture and organic content and magnetic 
susceptibility. The pollen assemblage indicates a dramatic change both 
ecologically and environmentally with a huge fall in tree pollen and increases in 
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shrub and herb pollen as well as rises in the water table. Values of Alnus and 
Betula both of which have been prominent in the last two zones, along with 
Quercus and Salix, have fallen to ten percent or less of the pollen sum. Rising 
amounts of Ericaceae – probably Calluna vulgaris (indicated by amounts of 
Meliola type 14 a parasite of C. vulgaris (van Geel 1978)) - along with Poaceae 
indicate changes to an open heathland environment with a rising water table 
indicated by the increases in amounts of Sphagnum and Cyperaceae pollen 
and spores with abundances of Drosera indicating acidic conditions (Stace 
1997, Fitter et al. 1974). Pools and standing water present in this zone point to 
differing trophic levels at different points in the assemblage as Spirogyra and 
Zygnema 341 like open eutrophic shallow water (van Geel 1980) while 
Botryococcus generally prefers freshwater fens and temporary pools (van Geel 
2001). A radiocarbon date of 341±26 BP (479-314 cal. BP) near the bottom of 
this pollen zone places this assemblage well into Godwin (1975)’s zone VIII. 
Micro-charcoal is present in this zone becoming more intermittent from mid-
zone upwards. 
RH-5 1.18-0.91m. 
Poaceae dominates this pollen zone falling at the zone start to 10% before 
rising to 37% then falling to 30% at the top of the zone. After a rise to 25% 
Ericaceae falls to 15% before rising sharply to 35% falling back to 15% then 
rising rapidly to 50% before falling to end the zone at 15%. Cyperaceae rises 
gently to a small peak of 25% then, after a slight fall, soars to a pronounced 
peak of 60% before falling sharply to 11% and rising again to 25%, before 
ending the zone at 20%. Sphagnum falls at the zone start before rising to 15% 
then falling to 2% before rising to 15%. Betula after a slight fall rises to 10% 
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before falling gently to zero and reappearing at 3% at the zone top while 
Corylus weaves sinuously from 5% to a small peak of 10% before falling to 1%, 
rising to 6% then falling to 2%.  
Also present are: Salix, Quercus, Alnus and Plantago media/major, 
Helianthemum, Galium, Rumex, Succisa pratensis, Ilex, Potentilla, Pinus, 
Cereal, Pteridium, Fraxinus, Rosaceae, Filipendula, Lactuceae, and Pteropsida.    
Fungi are represented by abundances in fungal hyphae, and indet. fungal 
spores along with smaller abundances in Rhabdocoella type 353 and 
Microthyriaceae type 8 throughout the zone. There are also small abundances 
of Conidia type 173 and Sordaria type 55 near the base of the zone and 
Herpotriella type 22 and Gaeumannomyces type 126 near the top of the zone.  
Algae in this zone are represented by large abundances of algae indet. with 
major peaks at the middle and top along with smaller abundances of 
Zygnemataceae throughout the zone. There are also abundances of: 
Sigmopollis near the bottom of the zone, Spirogyra near the middle of the zone 
and Zygnema type 314 near the top of the zone; psilate algal cysts are 
abundant at the base middle and top of the zone as are Zygnema type 341 with 
a major peak at the top of the zone.  
The stratigraphy of this pollen zone is characterised dark brown amorphous 
peat with high soil moisture and organic content and variable magnetic 
susceptibility values. The pollen assemblage shows falling tree cover - possibly 
due to land clearance although amounts of burnt material are low - and a rising 
shrub and herb content with, apart from a localised increase in the middle of the 
168 
zone, stable wetland amounts. Ericaceae and Poaceae amounts may indicate a 
certain amount of interplay between heathland and grassland environments 
while the presence of cereal pollen indicates the possibility of nearby arable 
agriculture. A sudden spike in wetland pollen species (mainly Cyperaceae) in 
the middle of the zone might be due to a rise in the water table although 
Sphagnum amounts seem to drop at this point while values of Spirogyra and 
Zygnema type 341 point to shallow eutrophic water while amounts of Zynema 
314 indicate small cushions of terrestrial vegetation in the water (van Geel et al. 
1989). Micro-charcoal was present in this pollen zone. 
RH-6 0.91-0.61m. 
This assemblage is dominated by Poaceae rising to oscillate between 40% 
and 30%, while Cyperaceae after a fall from 35% to 15% rises to fluctuate 
between 35%, and 25%. Sphagnum falls to 3% before rising to 31% then falling 
again to 10% at the zone top and Ericaceae climbs to 15% before falling to 
fluctuate at 8% to the zone top. Also present are: Cereal, Plantago media/major, 
Pteridium, Filipendula, Pteropsida, Rosaceae, Alnus, Betula, Pinus, Quercus, 
Ulmus, Fraxinus and Salix.  
Fungi are represented by a large abundance of fungal hyphae and a smaller 
abundance of Rhabdocoella type 353 and Microthyriaceae type 8 throughout 
the zone with a pronounced abundance peak of Microthyriaceae type 8 in the 
middle of the zone, and abundances of fungal spore type 123 near the middle of 
the zone and small peaks of fungal spores indet. at the bottom, middle and top 
of the zone.  
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Algae are represented by abundances of algae indet. and Zygnemataceae 
throughout the zone and abundance peaks of Hyaline microfossil type 221 near 
the middle of the zone, peaks of Zygnema type 341 and Sigmopollis near the 
top of the zone, Zygnema type 314 peaks in the middle and at the top of the 
zone and Psilate algal cysts at the bottom, middle and top of the zone. Micro-
charcoal is also present. 
The stratigraphic characteristics of this pollen zone are dark brown 
amorphous peat with high soil moistures and organic content and fluctuating 
magnetic susceptibility values. After an initial rise in wetland species 
(Cyperaceae) along with Sphagnum, herb taxa - mainly Poaceae are the 
dominant feature of this assemblage although Ericaceae still account for around 
ten percent of the pollen sum for the zone. However, a second peak for both 
Cyperaceae and Sphagnum may indicate climatic oscillations or rises in the 
water table. The arboreal presence in this assemblage is low although a few 
small peaks of Fraxinus, Alnus, Quercus, Ulmus and Salix indicate some 
fluctuating woodland presence. Likewise amounts of Cereal pollen indicate 
agricultural activity near by while rises in Plantago media/major along with other 
ruderals e.g. Rumex, may be indicative of a grazing regime near or on the study 
site. Localised pools or shallow standing water are also indicated especially in 
the upper reaches of the assemblage by abundances of Sigmopollis, Spirogyra, 
Zygnema types 314 and 341. There are also increasing indications of micro-
charcoal in this zone.  
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RH-7 0.61-0.41m.  
RH-7 is dominated by Cyperaceae rising to 45% then dwindling down to 
35% before climbing to a pronounced peak of 50% then falling to end the zone 
at 30%. Poaceae falls from 45% to 35% then rises back to 45% at the zone top 
while Ericaceae oscillates between 10% and 5% before rising to 12%; and 
Pteridium rises to 10% before falling to quickly to 2% then climbing to a peak of 
7% then falling to zero at the top of the zone. Also present are: Plantago 
media/major, Ulmus, Quercus, Filipendula, Corylus, Tilia, Parnassia, 
Pteropsida, Alnus, Betula, Fraxinus, Pinus, Salix, Ulmus and Sphagnum.    
Fungi are represented by abundances of fungal hyphae and 
Microthyriaceae type 8 throughout the zone and smaller abundances of fungal 
spore type 123 in the middle of the zone, Gaeumannomyces type 126 at the 
bottom and near the middle of the zone and indet. fungal spores at the bottom 
and top of the zone. 
Algae are represented by an abundance of algae indet throughout the zone 
and abundance peaks of Spirogyra, Zygnema 341 and Zygnema 314 at the 
bottom of the zone, with small abundances of Sigmopollis near the zone bottom 
and Psilate algal cysts and Zygnemataceae at the bottom middle and top of the 
zone. 
This zone is characterised as dark brown amorphous peat with fluctuating 
values of soil moisture and organic content and gently curving values for 
magnetic susceptibility (Figure 5.8.). The pollen suite for this zone shows a high 
herb concentration mainly consisting of Poaceae with Plantago media/major 
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although values of Ericaceae show a healthy heathland component; while 
increasing Cyperaceae values possibly indicating a move towards a cooler, 
wetter climate with a distinctive abundance peak near the zone top. Indications 
of localised ponds and pools are provided by abundances of (among others) 
Spirogyra, Sigmopollis and Zygnema 341 near the bottom of the zone. The lack 
of these spores in the upper reaches of the diagram again may point to cooler 
temperatures as, Spirogyra in particular, requires summer temperatures above 
20º C in order to sporulate (van Geel 1980) while the possibility of these water 
bodies drying out seems unlikely with abundances of algae indet. and Psilate 
algal cysts in evidence near the zone top.    
Woodland amounts are again small with main species representation by 
values of Alnus, Fraxinus and Ulmus as well as a small abundance peak of 
Pinus near the zone top while again localised agriculture is indicated with 
Cereal pollen present through most of the zone. Amounts of micro-charcoal are 
also more abundant in this assemblage.  
RH-8 0.41-0.00m. 
This pollen zone is dominated by Poaceae climbing from 45% to 68% then 
falling to 45% at the top of the zone while Pinus rises gradually from 2% to 10% 
then rises sharply again to 40% then falls to 30%. Pteridium falls from 12% to 
5% before climbing sharply to 15% and gradually falling to zero near the top of 
the zone and Cyperaceae falls from 12% to zero before meandering between 1 
and 2% to the zone top. Ericaceae falls sharply to zero at the zone base then 
rises back to 9% before gradually falling to 1 at the zone top while Rumex has 
two peaks of 5% just below and above the middle of the zone. 
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Also present are: Plantago media/major, Betula, Caryophyllaceae, 
Chenopodiaceae, Trifolium, Tilia, Corylus, Bidens, Artemisia, Quercus, Alnus, 
Fraxinus, Pteropsida, Sphagnum, Salix, and Ulmus. 
Fungi are represented by an abundance of fungal hyphae throughout the 
zone, a small abundance of Rhabdocoella type 353, Helicoon type 30 and 
Globose fungal cells at the top of the zone and abundance peaks of fungal 
spores indet. Microthyriaceae type 8 at the bottom and top of the zone as well 
as peaks in abundance of Gaeumannomyces type 126 at the bottom, middle 
and top of the zone. 
Algae are represented by an abundance of algae indet. and small 
abundances of psilate algal cysts and Sigmopollis in the middle of the zone and 
Spirogyra, Zygnemataceae and Zygnema type 341 at the top. Large 
abundances of SCPs and micro-charcoal are present throughout the zone.   
The stratigraphic characterisation of this pollen zone is dark brown 
amorphous peat. The soil moisture content is high and stable until the zone top 
where it falls sharply, where as, after a sharp rise, the organic content is 
subjected to exaggerated fluctuations before sharply falling sharply while 
magnetic susceptibility values decline gracefully. The pollen suite for the 
majority of the zone shows a grassland environment consisting of Poaceae with 
contributions from Plantago media/major and Rumex while the heathland 
component of Ericaceae and the main wetland contributor Cyperaceae both 
decline with the advancement of the assemblage. 
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Arboreal pollen indicates an increase woodland species near the study area 
with Alnus, Betula Fraxinus, Quercus, Ulmus, Salix and Tilia all represented in 
the pollen suite. There is also a dramatic increase in values of Pinus which rises 
to dominate the top of the assemblage. This is probably due to a small tree 
plantation about two hundred metres from the study site containing a mix of tree 
species including a stand of pine trees. Burnt material is present throughout the 
zone in two distinct pulses while SCPs are present at the top of the zone. The 
occurrence of SCPs at 0.21m., gives a date of ca. 1850 for this zone (Rose et 
al. 1995; Yang et al. 2001; Swindles and Roe 2006).  
6.5 Smearsett Tarn 
The results from the analysis of pollen and non-pollen palynomorphs 
(Figures 6.7 and 6.8) obtained from Smearsett Tarn are discussed below. For 
ease of interpretation, the profile has been split into seven assemblage zones 
with each zone having the prefix ST (Smearsett Tarn) with ST-1 at the base and 
ST-7 at the top of the diagrams. The present day vegetation is mainly grasses 
and reeds. 
6.5.1 Smearsett Tarn Pollen Zones 
ST-1 3.05- 2.39m. 
The pollen assemblage for the basal zone ST-1 is dominated by fluctuating 
values of Betula oscillating in the lower part of the zone between 80% and 67% 
before climbing to oscillate between  90% and 80% then falls to 73% at the top 
of the zone. Ulmus rises to 10% before falling to zero and then fluctuates 
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around 2% before climbing to 8% at the zone top. Pinus climbs from 3% to 10% 
then falls to 2% before rising to 5% while Quercus falls from 5% to zero. After 
an initial fall from 5% to 1%, Poaceae climbs to 10% before falling again to 
fluctuate between 3% and zero to the zone top.  
Cyperaceae falls from 5% to 1% before climbing to peak at 6% then falling 
away to a final small peak and Dryopteris falls from 4% to 2%. Typha peaks 
briefly at 3% then falls to zero and Corylus climbs to 5% falls to zero then rises 
again to 10% while Betula nana falls from 10% to 1%. Also present are: 
Filipendula, Salix, Juniperus, Pteridium, Potomageton, Ilex, Pteropsida and 
Alnus.  
Fungi are represented by small by small abundances of indet. fungal 
spores, fungal hyphae, Rhabdocoella type 353 and Globose microfossils type 
232 while algae are represented by abundances of Desmid Cosmarium 
throughout the zone, small abundances of algae indet. Zygnemataceae at the 
middle and top of the zone, Botryococcus, at the bottom and mid-zone, 
Spirogyra mid-zone and Sigmopollis at the top of the zone. Micro-charcoal is 
also present.  
The stratigraphic characteristics of this pollen zone are: part test fine 
organic mud with roots and broken shells with wildly fluctuating soil moisture 
and organic content and, after a small peak near the middle of the zone, 
declining magnetic susceptibility values. The pollen assemblage is dominated 
by arboreal species with two major pulses of Betula and significant peaks in 
values of Pinus and Quercus near the zone bottom, along with Ulmus which, 
after a peak in the lower reaches of the zone, returns with increasing values 
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towards the zone top. There is also a pulse of Betula nana at the bottom of the 
zone which, allied with the small values of Juniperus probably indicate that the 
zone starts in a cool climate although climatic amelioration must have quickly 
followed to allow for the values of the more thermophilous Quercus and Ulmus. 
There must also have been sufficient openings in the tree canopy to allow for 
the establishment of Poaceae as well as the presence of Pteridium near the 
zone middle. The move to climatic amelioration also allowed the establishment 
of the pondweed Potamogeton as well as Typha. Values of the algal spores 
Botryococcus  –  a species known to tolerate cold climates (van Geel 2001) - 
and the pioneer species Desmid Cosmarium testify to, at least, temporary pools 
or ponds near the zone base while, as the zone progresses, Sigmopollis, 
Spirogyra  and Meugotia indicate summer temperatures of at least 20º C (van 
Geel 1980). The early establishment of birch after the pulses of Betula nana 
and Juniperus at the zone start probably places this pollen assemblage around 
the boundary of zones I and II of Godwin (1975)’s zonation scheme. There are 
also indications of micro-charcoal in this zone. 
ST -2 2.39-1.99m. 
This pollen zone is dominated by Betula, climbing to two peaks of 65% 
before falling to 50% then to 65% at the zone top. Ulmus falls from 10% to 5% 
then climbs to 15%, before falling in steps to 7% at the zone top. Quercus 
climbs to 15% before falling sharply to 5% then rises to finish at 10% while 
Pinus climbs to 12% before falling to 3% and rising to 7%; Corylus climbs to 
10%, falls to zero then climbs slowly to 5%, and Typha falls from 18% to 2% 
before rising to 10% then fluctuates between 10% and zero. Potomageton 
climbs to 7% before falling to zero, rises to a small peak of 5%. Also present 
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are: Alnus, Tilia, Ilex, Stratiotes, Salix, Cyperaceae and Poaceae, Dryopteris, 
Polytrichum, Pteropsida and Trichomanes. 
Fungi are represented by abundances of Rhabdocoella type 353 and small 
abundances of Vesicular-Arbuscular Mycorrhizas (VAM’s) and fungal hyphae in 
the in the middle of the zone, fungal spores indet., Geoglossum type 77 near 
the top of the zone and Globose fungal cells type 200 in the middle and at the 
top of the zone. 
Algae are represented by an abundances of Desmid Cosmarium and 
smaller abundances of algae indet. throughout the zone and small abundances 
of Spirogyra near the top of the zone, Botryococcus at the bottom and mid-zone 
Meugotia in the middle and at the top of the zone. Micro-charcoal is also 
present.   
The stratigraphic characterisation of this zone is part test fine organic mud 
with roots and broken shells changing gradationally to part test organic mud at 
2.14 m. with high soil moisture content and a low organic content with both core 
contents having distinct peaks at the bottom and top of the zone, and fluctuating 
magnetic susceptibility values. The pollen assemblage indicates a strong 
arboreal content with modest shrub presence and a distinct wetland influence. 
Although still the dominant feature, Betula amounts have fallen slightly from the 
overwhelming domination of the last pollen assemblage allowing for an increase 
in Pinus but more especially rises in Quercus and Ulmus in this zone. The 
almost continuous canopy cover of tree species along with Corylus, allowed few 
opportunities for Poaceae and other herbs to influence the pollen rain however, 
there was a strong representation of wetland species with standing water 
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allowing the spread of Potamogeton and Typha along with a small amount of 
Stratiotes to occur. The standing water also played host to abundances of 
Desmid Cosmarium, Botryococcus, and Meugotia as well as small abundances 
of Spirogyra indicating changing trophic levels as well as relatively warm 
summer temperatures while the occurrence of VAM’s may indicate some soil 
erosion (van Geel et al. 1979). A radiocarbon date of 9183±37 BP (10432-
10244cal. BP) near the base of this zone, places this assemblage near or at the 
beginning of zone IV of Godwin (1975)’s schemata. Micro-charcoal is in 
evidence throughout this assemblage. 
ST-3 1.99-1.43m. 
Betula dominates this pollen zone with peaks oscillating from highs of 65% 
and 70% before falling to end the zone at 55%. Quercus falls from 10% to 7% 
before rising to 16% before falling to fluctuate around 10% to the zone top while 
after an initial fall, Ulmus rises from 10% to a peak of 12% before falling briefly 
to 8% then rising to 13% at the zone top. Pinus rises sinuously to peak at 11% 
before falling to 5% then rising to fluctuate at around 8% and Corylus fluctuates 
around 5%. Also present are: Alnus, Stratiotes Typha, Salix, Poaceae, 
Cyperaceae, Potomageton, Polemonium, Ilex, Trichomanes and Polypodium. 
Fungi are represented by abundances of Globose microfossil type 232 at 
the bottom of the zone, Rhabdocoella type 353 and Globose fungal cell type 
200 throughout the zone and smaller abundances of Geoglossum type 77 mid-
zone, fungal spores indet. at the top and fungal hyphae near the middle and top 
of the zone. 
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Algae are represented by large abundances of Desmid Cosmarium, 
Spirogyra and algae indet. throughout the zone, smaller abundances of 
Meugotia at the bottom and middle of the zone and Zygnemataceae at the 
bottom middle and at the top of the zone; with small abundances of 
Dinoflagellate cysts at the bottom of the zone as well as small peaks in 
abundance of Botryococcus, Psilate algal cysts and Sigmopollis. Micro-charcoal 
is also present.  
This pollen zone is characterised stratigraphically as part test organic mud 
to 1.47m and humified herbaceous peat to 1.43m. with major fluctuations in 
values of soil moisture and organic content and with magnetic susceptibility. 
The pollen assemblage is again dominated by arboreal taxa. Shrub species and 
water plants diminish through the assemblage while herb pollen increases 
towards the zone top. Betula pollen is again the main feature of this zone and 
like the previous zone Quercus and Ulmus are important contributors to the 
arboreal mosaic while Pinus values are less significant. There are also small 
contributions from Alnus, Salix and Tilia to add to the general pattern. Again the 
canopy cover would have been extensive with Corylus adding to the density of 
the shade but towards the zone top tree cover must have thinned enough for a 
slight rise in Poaceae values. Although the occurrence of Globose fungal cells 
type 200 point to a dry environment (van Geel et al. 1989), there are also 
indications of standing water especially towards the top of the zone with values 
of with the re-emergence of Cyperaceae and a small curve of Stratiotes 
indicating the occurrence of some ponding with differing trophic levels. A 
radiocarbon date of 6266±44 BP (7274-7151 cal. BP) at the top of the 
assemblage places this zone in VIIa of the Godwin (1975) pollen schemata. 
Micro-charcoal is in evidence in this zone.     
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ST-4 1.43-1.09m. 
ST-4 is dominated by Betula, fluctuating between 65% and 55%. Quercus 
climbs to peak at 15%, and then declines to 10%; and Pinus, oscillates between 
10% and 5% while Ulmus climbs to two peaks of 10% then falls to finish at 5% 
and Alnus fluctuates around 4% before rising to 6% at the zone top. Also 
present are: Typha, Salix, Potomageton, Dryopteris, Trichomanes, Corylus, 
Taxus, Cyperaceae, Plantago media/major and Poaceae. 
Fungi are represented by an abundance of Rhabdocoella type 353 
throughout the zone with a large peak at the bottom and small abundances of 
Globose fungal spores type 200 and Pleospora type 3 at the bottom of the 
zone, fungal spores indet. mid - zone and Conidia type 200 at the top of the 
zone. VAM’s and Geoglossum type 77 at the top and mid-zone and fungal 
hyphae at the bottom, middle and top of the zone. 
Algae are represented by large abundances throughout the zone of Desmid 
Cosmarium and algae indet. with a large abundance peak near the bottom, 
along with smaller abundances of: Botryococcus throughout the zone, Psilate 
algal cysts at the bottom of the zone, Zygnemataceae mid-zone, Spirogyra near 
the bottom and top of the zone and Sigmopollis near the middle and top of the 
zone. Micro-charcoal is also present.  
The stratigraphic characterisation of this zone is humified herbaceous peat 
with mainly rising water and organic contents as well as, after a brief decline, 
magnetic susceptibility levels. Arboreal pollen still dominates this zone although 
there are increases in herb and wetland taxa. Betula is still the main tree 
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species with Quercus and Pinus levels relatively robust; Ulmus levels however, 
decline although they still make a reasonable contribution. There are increasing 
amounts of Alnus in the assemblage as well as a presence of Taxus possibly 
indicating that although the sedimentary matrix of the cores is humified 
herbaceous peat, the pH is not too acidic (see Godwin 1975 p.116). Although 
the overall ecology of the zone is woodland, there must have been gaps in the 
tree canopy to allow for the rise of herbaceous pollen - mainly Poaceae and 
Plantago as well as to permit Pteridium to make a presence. An increase in 
wetland species is also indicated with small peaks in the values of Cyperaceae 
Typha and Filipendula while the values of Stratiotes and Potamogeton point to 
the presence of open water while the abundances of Botryococcus, Desmid 
Cosmarium, Sigmopollis and Spirogyra indicate varying trophic levels. There 
must also have been areas of localised dryness to allow for the small 
abundance of Pleospora type 3 (van Geel 1978) while abundances of VAM’s 
indicate localised soil erosion. Micro-charcoal is also evident in this zone. 
ST-5 1.09-0.45m. 
This pollen zone is dominated by Betula which, after an initial fall climbs to a 
peak of 55%. It then falls again to 25% before rising to a peak of 50% and 
falling to end the zone at 30%. Alnus rises to a small peak of 12% before falling 
gently to 3%. It then climbs sharply to oscillate at peaks of 25%, through the 
zone. Quercus rises to a peak of 20%, before diminishing in a series of small 
peaks to end the zone at 10%. Ulmus rises to twin peaks of 12%, falls slightly to 
9% then rises to another peak of 12% before again falling to 9% at the zone top. 
Cyperaceae begins the zone at 5%, climbs sharply to peak at 20% before falling 
just as sharply to a plateau of 2%, rises to another sharp peak of 15% and then 
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falls to 1% at the zone top; while Corylus is identified by a series of small 
oscillating percentage peaks of 8%, 4%, 11%, 4% and 7% from the zone base 
to the zone top. 
Also present are: Pinus, Poaceae, Taxus, Carduus, Rosaceae, Lycopodium 
selago, Pteropsida, Sphagnum, Ilex, Plantago media/major, Bidens, Tilia, 
Dryopteris, Polytrichum, Pteropsida, Salix, Filipendula, Potomageton and 
Polypodium. 
Fungi (Figure 6.8) are represented by abundances of Rhabdocoella type 
353 and fungal hyphae throughout the zone, abundance peaks of fungal 
remains type 324 mid-zone, and Globose microfossils type 232 at the bottom 
and in the middle of the zone and small abundances of VAM’s mid-zone and at 
the top of the zone and Geoglossum type 77 at the bottom, middle and top of 
the zone. 
Algae are represented by abundances of algae indet. throughout the zone, 
a small abundance of Dinoflagellate cysts in the middle of the zone, 
abundances of Desmid Cosmarium and abundance peaks of Botryococcus at 
the bottom and middle of the zone and small abundance peaks of Psilate algal 
cysts, Sigmopollis, Spirogyra and Zygnemataceae near the bottom, middle and 
top of the zone. Micro-charcoal is also present.       
The stratigraphic characteristic for this zone is humified herbaceous peat 
from 1.09 to 0.51 m and humified organic wood peat from 0.51 to 0.45 with a 
gradational boundary change between the stratigraphies. The soil moisture 
content meanders gently while the organic content is characterised by a series 
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of abrupt peaks. After an initial peak and deep trough, magnetic susceptibility 
values curve erratically before falling at the zone top. The pollen suite is still 
dominated by arboreal pollen with peaks of Betula as the main taxa although 
numbers are diminishing. Alnus values rise in a series of peaks in this 
assemblage and there are also increases in both Quercus and Ulmus. Pinus 
amounts however are less common while the presence of Taxus is extinguished 
in the lower parts of the zone. Tilia on the other hand re-emerges in this 
assemblage. Just below the middle of the assemblage an increase in 
Cyperaceae and a small peak in Sphagnum occurs possibly indicating either a 
rise in the water table or an increase in rainfall. Cyperaceae values also 
increase at the top of the zone taking advantage as the arboreal dominance 
begins to declines. There are also signs of standing water allowing for increases 
in Potamogeton and Stratiotes along with Typha. Algal presence in these water 
bodies indicates differing trophic levels with spores of Botryococcus, Desmid 
Cosmarium, Sigmopollis, and Spirogyra in evidence. Slight increases in shrub 
levels can also be seen with peaks of Corylus through out the zone while 
increases in herbaceous levels mainly consisting of Poaceae and Plantago 
along with other ruderals taking advantage of openings in the canopy, are 
indicated especially around the middle of the zone.  Poaceae values also 
increase at the top of the zone as, like Cyperaceae, grasses take advantage of 
the opening canopy. A radiocarbon date of 6100±40 (7000-6790 cal. BP) places 
the top of this assemblage in Godwin (1975)’s zone VIIa. Micro-charcoal is also 
in evidence in this assemblage.     
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ST-6 0.45-0.00m.  
ST -6 is dominated by Cyperaceae climbing sharply to a peak of 60% before 
falling to 26% and then rising to 50% at the zone top. Poaceae rises to 20% 
falls to 15% before climbing to peak at 30%. Betula rises to a peak of 30% then 
falls sharply 1% before rising again to 10%; Corylus rises to 10% before falling 
to 5% then climbing to a peak of 20% and then falling to end the zone at 3%.  
Quercus falls to 5% before climbing to 10%, Alnus falls from 13% to zero then 
rises to 8%. Ulmus falls from 9% to meander around 2% and Pinus falls to zero 
rises to 5%, falls back to 1% before climbing to 5% at the zone top. 
Also present are: Plantago media/major, Tilia, Ericaceae, Ilex, Filipendula, 
Pteridium, Polytrichum, Dryopteris, Pteropsida, Salix, Polypodium, Sphagnum, 
Bellis, Plantago media/major, Rumex, Polytrichum, Chenopodiaceae, 
Lactuceae, Bryophyte spores, and Lycopodium selago. 
Fungi are represented by large abundance peaks of fungal hyphae smaller 
abundances peaks of fungal spores indet. and Rhabdocoella type 353 
throughout the zone, Herpotrichiella type 22/23 mid and top zone and Tetraploa 
arista type 89 at the top of the zone and small abundances of Geoglossum type 
77, Conidia type 201and Sordaria type 55 at the base and top of the zone, 
Conidia type 10 in the middle of the zone, Pleospora type 3, Lasiophaeria type 
63, Globose fungal cells type 200 and VAM’s at the top of the zone.  
Algae are represented by an abundance of algae indet. and Psilate algal 
cysts throughout the zone and abundance peaks of Dinoflagellate cysts at the 
bottom and top of the zone, Zygnemataceae mid-zone, Sigmopollis at the 
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bottom and top of the zone and Desmid Cosmarium and Spirogyra at the base 
and middle of the zone. Micro-charcoal is also present.  
This zone is characterised stratigraphically as humified organic wood from 
0.43 to 0.20m and amorphous silty peat from 0.20 to 0.00m. The stratigraphic 
boundary is amorphous. After an initial rise, the soil moisture content declines in 
this zone until, in the top five centimetres, a slight rise in moisture occurs; while 
the organic content rises gently after an initial fall. Magnetic susceptibility levels 
imitate the movement in the organic content to a great extent except that the 
rise in values is more abrupt and exaggerated. The pollen suite in this zone 
indicates a dynamic assemblage with a dramatic fall in tree pollen and a rises in 
wetland and herbaceous representation. After an initial spike at the zone base, 
Betula values fall drastically before rallying briefly in the middle of the zone. 
Alnus amounts to a certain extent mirror the deterioration of Betula with the 
exception that the rally mid-zone is more prolonged. Quercus also has a small 
peak in the middle of the zone while Ulmus values, contrary to the other tree 
species, fall in mid-zone. This fall in Ulmus, given the radiocarbon date of 6790-
7000 cal. BP near the top of the previous zone, may be due to the elm decline 
which Godwin (1975) places at the boundary of his pollen zones VIIa and VIIb 
which corresponds to the Atlantic/Sub-boreal transition and marks the 
establishment of the Neolithic agriculturalists around 5500 to 5000BP (Godwin 
19754 p53).   
An increase in shrubland values can be seen in this assemblage with a 
peak on Corylus in the middle and top of the zone while at the top of the 
assemblage shrub values are complimented by an appearance of Ericaceae. 
The major contributor to the assemblage is Cyperaceae with two major 
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increases and probably indicates a move to a wetter climate. Although, a brief 
re-emergence in arboreal values may be a result of a brief dry period. Ponding 
or pools were also in evidence with trophic levels changing from eutrophic with 
algal spores of Sigmopollis and Spirogyra, to fresh water at the zone top and 
small abundances of spores of Botryococcus.  There is a response in this pollen 
zone appears to dryer conditions at the top of the zone with an increase of 
Poaceae values and a decrease in Cyperaceae. Micro-charcoal is present 
throughout the zone while SCPs are present at the top of the zone. The 
occurrence of SCPs at 0.16m., gives a date of ca. 1850 for this zone (Rose et 
al. 1995; Yang et al.2001; Swindles and Roe 2006).  
6.6 Conclusion 
This chapter has presented and interpreted the pollen and non-pollen 
palynomorph results from the analysis of sediment cores obtained from the sites 
at Attermire Mire, Thwaite Tarn, Rough Haw and Smearsett Tarn. These results 
will be discussed in the next chapter.     
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7. Discussion 
7.1 Introduction 
In this chapter the wider significance of the results outlined in the previous 
chapter are considered in relation to the sites that were selected and the 
limitations imposed by the status of background fieldwork and the extent of the 
sediment coring.  
7.2 Attermire Mire 
The site of Attermire Mire was chosen for its close proximity of the Attermire 
Cave site, excavated by Tot Lord and others from the 1930s onward, and the 
the Romano-British complex at Attermire Camp, excavated by Alan King and 
never fully published (Taylor pers comm). The indicative archaeological material 
from the cave suggests not only Romano-British cult activity, but a longer period 
of human interest with potential impact on the landscape. Fragment(s) of beaker 
pottery curated in the Lord Cave Archive (Taylor pers comm) are known along 
with reports of human bones, probably from an adult female (never directly 
dated) which could be earlier, by analogy with other similar sites such as 
Kinsey, Ha, Lesser Kelco and Sewells, plausibly Neolithic.  
The situation of the site, with a commanding southerly aspect over the 
Craven gap and a more proximal visual control over the area known as the 
Mire, at the immediate base of the screes under the cave mouth indicates 
potential long-term importance. If at particular stages in the past preceding the 
Victorian imposition of a land - drain, there was standing water (a lake per se) or 
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simply a swampy or partly marshy area, then the site would have attracted 
hunters, whether late glacial or Mesolithic or later; late glacial (final upper 
Palaeolithic) activity is directly attested at Victoria Cave which is within ten 
minutes walk of Attermire (though not intervisible). 
The pollen analysis of the core from Attermire Mire indicates a broadly open 
landscape during most of the Holocene, with possible fluctuations in the water 
table at the site indicated by variations of amounts of water plants Callitriche 
and Typha. Palynological evidence from the bottom of the chronostratigraphy 
appears to reflect rapid temperature fluctuations with the basal stratigraphy of 
grey clay indicating a pollen suite dominated by Pinus. This is quickly followed 
by increasing amounts of Betula, Poaceae, Cyperaceae, Quercus and Salix 
along with small amount of Alnus indicating rapid re-vegetation and warming 
temperatures after retreat of glaciation while a sudden increase in abundances 
of Vesicular Arbuscular Mycorrhizai (VAM’s) may indicate some soil erosion 
taking place in this pollen zone (van Geel et al.1979). 
Although the rise in Salix (possibly the dwarf species Salix herbacea) may 
tentatively place the latter part of this zone at the beginning of Godwin (1975’s) 
zone I-the Older Dryas of the Blytt & Sernander periods (cf. Oldfield 1960), the 
increasing amounts of Betula along with the values of Juniperus is reminiscent 
of the increases described by Pennington (1975) which could place this part of 
the pollen sequence in the Bølling interstadial although the occurrence of the 
Pinus domination at the base of the zone does not appear in other Late Glacial 
sequences (cf. Godwin 1975; Pennington 1975). Bennett (1984) suggested that 
Pinus first entered the British Isles after 10,000 BP and that its habitats were 
restricted by Ulmus, Myrica/Corylus and Quercus to the south-east of England. 
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Bennett also suggests small populations of Pinus may have survived in an 
independent glacial refugium in Ireland and Scotland. As Pinus is found 
elsewhere in the Yorkshire Dales (cf. Smith 1986; Bartley et al. 1990) before 
9,430 BP, it seems likely there may have been a refugium in the north of 
England as Pinus appears at this site before 11,500 BP. However, Pinus is a 
wind - pollinated species producing large volumes of pollen. These, being 
saccate and fairly buoyant, are more able to be transported long distances by 
both wind and water. Consequentially, high amounts of Pinus pollen grains in 
cold stage assemblages which are otherwise dominated by herbs pollen are not 
uncommon and so the occurrence of Pinus may be interpreted as being long-
distance transport rather than reflecting a local tree presence Kelly et al. (2010).  
The possibilities however, for early re-vegetation in the Yorkshire Dales is 
reinforced by recent optically stimulated luminescence (OSL) dates obtained by 
Telfer et al. (2009) from loess deposits in dolines. Their dates from New Close 
in the Yorkshire Dales provide a minimum age of 16.5±1.7 ka BP (23916-15371 
cal. BP) for deglaciation in the region thus making it likely that re-vegetation 
took place in the Yorkshire Dales soon after these dates. However, in context 
with the rest of the pollen sequence at Attermire Mire, a likelier date for this part 
of the palynological assemblage would be the Allerød or Windermere 
Interstadial equivalent of Godwin (1975)’s zone II.  
The rapidly warming phase indicates by values of Betula, Poaceae, 
Cyperaceae, Quercus and Salix in the basal zone at Attermire Mire, is followed 
closely by rapidly cooling temperatures indicated by amounts of Betula nana 
and Juniperus at the top of the basal zone and into pollen assemblage AM-2 
(Figure 6.1) probably places this part of the assemblage in the Younger Dryas 
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Stadial although Betula amounts are still in evidence as are Poaceae and 
Ericaceae (possibly Empetrum). Summers however must have been temperate 
during at least some of this period to allow for the values of the algal species 
Spirogyra and Sigmopollis. Although both these taxa need temperatures above 
20ºC to spore, samples containing their spores have been attributed to the 
Younger Dryas in The Netherlands (van Geel et al. 1980; van Geel et al. 1989). 
A radiocarbon date of 9921±60 14C BP (11610-11519 cal. BP) near the top 
of AM-2 indicates the approximate beginning of the Holocene. Palynological 
evidence indicates a vegetation mix showing an open aspect and consisting 
mainly of Cyperaceae, Betula, Poaceae and Salix while the aquatics 
Myriophyllum and Callitriche indicate the presence of localised ponds or 
standing water. 
 Between the radiocarbon dates 9921±60 14C BP and 8990±33 14C BP 
(11610-11519 cal. BP and 9989-9940 cal. BP) spanning pollen zones AM-3 and 
AM-4, the climate become dryer as Cyperaceae values fall allowing Poaceae to 
dominate and Pinus values to recover while there is a decrease in Betula. It is 
also likely that the fluctuating amounts of VAM’s present at this time indicate 
some dynamic soil erosion taking place at Attermire Mire van Geel et al (1989). 
This vegetational scenario is similar to the one found by Bartley et al. (1990 p. 
618) in the basal sediments at Linton Mires with a radiocarbon date of 
9430±100 BP (1102-10402 cal. BP) where they describe the landscape as 
dominated initially by sedges and a variety of shrub and herb species which 
was later succeeded by Pinus and Betula.     
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At Attermire Mire between the radiocarbon dates 8990±33 14C BP and 
8630±40 14C BP (9940-9989 and 9678- 9533cal. BP) (pollen zones AM-5 and 6) 
there is a possibility that changes in water table heights take place as Poaceae 
values first diminish and then expand while, conversely, Cyperaceae amounts 
expand and then diminish. Pinus amounts remain fairly constant while Betula 
values, although still low, appear to mimic Cyperaceae dynamics but on a 
smaller scale. Again VAM’s indicate phases of erosion taking place.  
Between 8630±40 14C BP and 4755±3114C BP (9678-9533 and 5586-5332 
cal. BP) (pollen zones AM-7and 8) the pollen suite indicates a mix of Poaceae, 
Cyperaceae and Pinus along with varying amounts of Betula. There is a strong 
probability of a hiatus in the pollen sequence as, according to Godwin (1975 
pp.52-53), as the climate improved in his pollen zones V and VI during the 
Boreal period, (ca 9000 BP), there was an expansion of Corylus along with the 
first expansion of Quercus and Ulmus followed in the Atlantic period (Godwin’s 
zone VIIa) ca 7000-5000 BP, by expansions in both Alnus and Ulmus as well as 
the decline in Ulmus at ca. 5500-5000 BP. At Attermire Mire these palynological 
markers which roughly span the Mesolithic period are either absent or poorly 
represented. Bartley et al. (1991) noted an expansion of Corylus at all their sites 
although there was a gradual decline during the Boreal period. They also found 
a major increase in Alnus values which they dated to ca. 7590±70 14C BP 
(8260-8210 cal. BP). Ulmus values, however, are low at the White Moss 6 site 
where they have dates from between 7520 ± 80 (8455-8171 cal. BP) and 1190 
± 40 and Eshton Tarn Moss which has a single date of 3160 ± 80 (3186-3164) 
which would date it after the Ulmus  decline. Piggott and Piggott (1963) also 
note a dramatic increase in Corylus at Tarn Moss, Malham as well as 
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substantial amounts of Alnus and Ulmus values although less influential than 
either Corylus or Alnus, are still well represented.  
Between 4755±31 BP (5586-5532 cal. BP) and the top of the core, (pollen 
zones AM-9 to AM11), palynology at Attermire Mire indicates a pollen suite 
consisting mainly of Poaceae and Cyperaceae with increases in Lactuceae and 
other ruderals possibly suggesting a grazing regime. Again there is a possibility 
of an interregnum in both pollen accumulation and sedimentation rates with a 
depth of just 30 cms separating the radiocarbon date of 4755±31 BP (5586-
5332 cal. BP) and the SCP date of AD 1850. The fall in Pinus amounts after 
5586-5332 cal. BP may possibly indicate the pine decline of ca. 4500 cal. BP. 
Blackford et al. (1992) suggested that the widespread sudden fall Pinus 
amounts coincided with the Hekla-4 volcanic eruption in Iceland. However, Hall 
et al. (1994), using both radiocarbon, tephra and dendrochronological evidence 
found that Pinus amounts were either rare or absent in from lowland sites in the 
north of Ireland and concluded that climatic deterioration following the Hekla-4 
volcanic eruption may have been restricted to northern Scotland. The causes of 
the possible interruptions in the pollen profile between 8630±40 BP (9678- 9533 
cal. BP) and the SCP date of 1850 AD are not immediately discernable. 
According to Simmons, (2001 pp.39 - 41) any peat growth taking place any time 
between 9,000 and 1,000 BP, the role of climatic factors must be permissive 
and probably decisive. The peat growth must also have taken place against a 
managed landscape possibly of peat cutting or burning.   
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7.3 Thwaite Tarn 
Thwaite Tarn was chosen not so much for its immediate proximity to specific 
archaeological sites as an unsampled location at the northwest end of the 
chosen transect. The pollen analysis of the core from Thwaite Tarn indicates a 
varying landscape with a number of ecological changes. The lower half of the 
core again reflects temperature fluctuations with variations between Betula and 
Betula nana and Juniperus. Similar fluctuations have been noted by Lang et al. 
(2010). Using high resolution data from the NGRIP isotopic records obtained 
from Greenland Ice Core Chronology 2005 (GICC05) defined by Rasmussen et 
al. (2006) (cf. Lowe et al. 2008), Lang et al. produced chironomid-inferred 
temperature change data from five lake sites in north-west England. The results 
pick out the rapid shifts at major event boundaries (Lowe and Hoek 2001) at all 
the sites. They identified four centennial cooling events within the Greenland 
Interstadial (roughly equivalent to the Allerød Interstadial) along with an 
oscillation in the Early Holocene which they identify tentatively as the Preboreal 
Oscillation (Lowe et al. 2008) (Figure 7.1). There is a possibility that the same 
pattern of events may be roughly observed in the interplay between the 
thermophilous Betula and the cool climate indicators Betula nana and Juniperus 
in the pollen assemblage at Thwaite Tarn (Figure 7.2). If the lower part of the 
pollen suite from 2.78 m to 1.68 m is equivalent to the Greenland Interstadial, 
then the small peak of Betula nana and Juniperus at 2.72 m could equate with 
the Gl-1e event, then Gl-1d may be indicated by the Betula nana amounts 
between 2.46 m and 2.42 m, Gl-1c could be between 2.32 m and 2.22 m, Gl-1b 
could fall at 1.92 m and Gl-1a may occur between 1.82 m and 1.72 m. The 
Younger Dryas (Greenland Stadial 1) could be indicated by the fall in amounts 
of Betula and rises in Betula nana, Juniperus  and  Pinus between 1.68 m and 
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1.52 m when sedimentation rates and pollen amounts might expect to be low, 
with the start of the Holocene marked by Betula increases after 1.5 m. while the 
dip in Betula amounts at 1.32 m may equate to the Preboreal Oscillation, a cold 
phase in the early Holocene (Lang et al. 2010) caused by a short period of high 
δ18O values starting after the termination of Greenland Stadial and lasting 
approximately 100 years (Rasmussen et al. 2007). The chronology of GICC05 
climatic events are expressed as b2k (before 2000 AD). Using this chronology, 
the start date of GI-1a is 13,099 b2k, the start of GI1-b is 13,311, GI1-c starts at 
13,954, GI1-d begins at 14,075 and the beginning of GI1-e is dated to 14,692 
b2k. These dates would indicate that the expansion of Betula began in this part 
of the Yorkshire Dales before 14,692 b2k, which allowing for the fact that 
Thwaite Tarn is further east than the Lake District, is almost seven hundred 
years, allowing for dating errors, before the date of 14,000 BP when Pennington 
(1981 p.84) first estimated the local arrival of tree birch at Windermere in the 
Lake District.  The non-pollen palynomorph for Thwaite Tarn shows small 
abundances of Spirogyra and Sigmopollis both of which need summer 
temperatures of 20º C. However, van Geel et al. (1980/1981) found spores of 
both algae in samples from a horizon dated to the Younger Dryas and states 
that “several data indicate a July temperature, especially of the water, which 
does not agree with the position of the tree line. In this connection one has to 
bear in mind that the microclimatic conditions on slopes and the effect of the 
higher position of the  sun may well have created warmer local environments in 
the summer especially on slopes and in the water, than would correspond with 
the then prevailing general climatic conditions” (van Geel et al. 1980/1981 
p.409). The non-pollen palynomorph diagram also indicates large abundances 
of Desmid Cosmarium an algal species that is used as an indicator to monitor  
194 
environmental changes occurring in ice-free areas of Admiralty Bay in the 
maritime Antarctic (Mrozińska et al. 2007).   
In the early Holocene, a number of rapid climatic reversals of relatively short 
duration have been identified including the Pre-Boreal Oscillation at 11.3 ka BP, 
the 8.2 ka BP event and the 9.3 ka BP event (Lang et al. 2010). These show 
significant δ18O and annual layer thickness in the Greenland ice cores (Figure 
7.1) and are identified as the only Early Holocene climatic events on a decadal 
scale with durations of between forty to more than one hundred years 
(Rasmussen et al. 2007). These small fluctuations however, may not be well 
reflected in pollen records due to lag times and the fact that the temperature 
shifts may not have been large enough to cause major vegetation anomalies 
(Lang et al. 2010).  
At Thwaite Tarn, a radiocarbon date of 8278±49 BP (9134-9122 cal. BP) 
near the base of TT-7, places this part of the pollen sequence in the Boreal 
epoch. The a sudden decrease fluctuations in Betula values allied with a short 
lived increase in Poaceae just below the radiocarbon date may indicate the 
9.3ka event and the oscillations between  Betula, Betula nana and Juniperus 
may reflect the palaeoenvironmental events in the North Atlantic region during 
the Greenland Interstadial-1 (Lowe et al.2008). 
Between  the radiocarbon dates of 8278±49 BP (9134- 9122cal. BP) and 
4342±28 BP (4972-4847 cal. BP) (pollen zones TT-7 and 8 along with the 
beginning of TT-9), the pollen suite shows first an abrupt increase in Corylus 
with rising levels of Pinus along with Quercus and Ulmus, then as Corylus and 
Ulmus levels fall abruptly possibly as a result of the Ulmus decline ca. 5500-
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5000 BP(Godwin 1975), Pinus levels rise substantially to fall dramatically 
possibly caused by the pine decline ca. 4500 cal. BP (Blackford et al. 1992).  
There is, like the data from Attermire Mire, the possibility of a hiatus 
between the radiocarbon dates 8278±49 BP (9133-9122 cal. BP) and 4342±28 
BP (4972-4847 cal. BP) as the two dates, spanning some 5000 years, are only 
30 cms apart although there is a robust, albeit short, increase in Corylus values 
and both Quercus and Ulmus are reasonably well represented, Alnus values, 
which should expand profusely after ca. 7000 BP (Godwin 1975), are again 
negligible. 
Between the dates 4342±28 BP (4972-4847cal. BP) and 1505±29 (1407-
1353 cal. BP) (pollen zones TT-9, 10 and the base of TT-11), a major ecological 
change takes place. All arboreal pollen levels deteriorate as both Poaceae and 
Cyperaceae values increase dramatically. The ruderals Lactuceae and 
Plantago media/major also increase possibly as a result of grazing regime 
which could raise phosphate levels at the site and allow Urtica to establish.  
Agriculture must have been practiced near the site to allow for the occurrence of 
Cereal in pollen zones TT-9 and 10. Bartley et al. (1990), found Plantago and 
other ruderals appear just after the Ulmus decline while Cereal appears about 
4000 BP.  
Between the radiocarbon date 1505±29 BP (1407 - 1353 cal. BP) and the 
top of the zone, the dominance of Cyperaceae probably indicates a rise in the 
water table although the rise in Poaceae just after the rise of SCPs in the final 
samples may indicate a general increase in nutrient status at the site probably 
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because of nineteenth century drainage while nearby forestry plantation 
possibly the increase in Pinus values.  
7.4 Rough Haw 
At the southeastern end of the transect, already on a gritstone overlay to the 
main limestone, the site of Rough Haw has long been enigmatic, listed by 
English Heritage in its air photography archives as a site worthy of future 
investigation due to the clear visibility of a large-scale stone enclosure of 
potential prehistoric and monumental type around the top of the hill. The 
adjacent and interconnected peak of Sharp Haw has commanding views over 
the Craven Gap and as far to the west-soutwest as Preston (the environs of 
Roman Ribchester). Medieval and later exploitation of the location for millstones 
has resulted in a clearly ‘deflated’ archaeology however, such that the period of 
fortification/ritual enclosure is unknown at present, and might as well be 
Neolithic as Bronze Age or Iron Age; a later Bronze Age bronze rapier from 
Flasby fell, immediately to the northwest of the site, currently in the Lord Cave 
Archive is one indication of the site’s importance and it may have been later 
fortified and held by the Brigantes against the Romans due to its eminently 
strategic location (Taylor pers comm) 
Palynological evidence for Rough Haw indicates an ecological sequence 
moving from woodland through open heath/wetland to open grassland. The 
base of the core probably reflects an early Holocene environment that may be 
the equivalent of Godwin (1975)’s Zone V indicating a Boreal pollen suite 
consisting of declining values of Betula and increasing amounts of Pinus and 
Corylus with contributions from Salix and Quercus. The top of pollen zone RH-1 
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probably marks the start of the wetter Atlantic period in the Blytt and Serander 
period with a sudden increase in Alnus complemented by smaller increases of 
Salix and Quercus. The increase in Alnus was also found at Malham Tarn 
(Piggott and Piggott 1963) and at White Moss where a radiocarbon date of 7590 
± 70 BP (8210-7260 BP) (Bartley et al. 1991). The pollen diagram at Malham 
Tarn also indicates, like Rough Haw, the decreases in values for Betula and 
Pinus and the increase in Quercus as Alnus rises although Salix  values are 
sparse while at White Moss,  Pinus  values are quite high until 6570 ± 70 BP 
(7512 - 7427 BP) although like Malham Tarn, Salix  values are minimal. Betula 
values increase again at Rough Haw towards the top of pollen zone RH-2 and 
the radiocarbon date of 5069±414 BP (5913-5724 cal. BP). 
Between the radiocarbon dates 5069±41 and 4605±26 BP (5913 - 5724 and 
5382 - 5290 cal. BP) arboreal values are still quite robust with high amounts of 
Alnus, Betula and Corylus and a substantial proportion of Quercus. The fall in 
Ulmus values prior to 5290 - 5382 cal. BP probably indicates the elm decline at 
the transition between the Atlantic and Sub-Boreal periods and the change from 
Mesolithic hunter gatherers to the establishment of Neolithic agriculturalists 
(Godwin 1975 p. 53).  
Between the radiocarbon dates 4605±26 BP (5382 - 5290 cal. BP) and 
341±26 BP (479 - 314 cal. BP), there is a dramatic hiatus in both the 
sedimentation rate and the pollen record with an abrupt change from mid-
Holocene forest to a late Holocene open landscape. The pollen suite indicates a 
spectacular fall in tree pollen with arboreal species represented by small values 
of Alnus, Betula, Salix and Corylus along with Fraxinus and Quercus. The 
pollen record indicates a grassy heathland with high values of Ericaceae and 
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Poaceae although increasing amounts of Cyperaceae and fluctuating values of 
Sphagnum point to a rising water table.  
The Rough Haw pollen diagram between the radiocarbon date 341±26 BP 
(479 - 314 cal. BP) and the SCP date of 1860, indicates rapid peat growth (see 
Figure 5.7) and a changing environment from Ericaceae and Poaceae 
dominated heathland to a grassland environment with fluctuating levels of 
Cyperaceae and Sphagnum probably indicating cooler wetter temperatures as 
well as possible changes in water table level. The time period bridged by the 
two dates falls towards the end of the Little Ice Age when temperature 
fluctuations with mean temperatures about 1.5ºC lower than the norm and cold 
wet years, predominated in Europe between1690 to 1740 (Lamb1995).  The 
influence of some of these temperature fluctuations may have been recorded in 
the non-pollen palynomorphs observed at Rough Haw particularly by the 
records for Spirogyra, Sigmopollis which need summer temperatures to be at or 
over 20ºC (van Geel et al. 1989) therefore, absences of the algal spores may 
indicate cooler summers. 
Between 1860 and the top of the core sequence the dominance of Poaceae 
points to a grassland environment while the decline in Cyperaceae and 
Sphagnum is indicative of dryer conditions. The rise of Pinus and the pine peak 
at the top of the core may be caused by the forestry plantation (which contains 
some pine), near the study area. 
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7.5 Smearsett Tarn  
Smearsett Tarn is close to Dead Man’s cave, which has produced modified 
human bone of Iron Age date (Lord pers comm; Taylor pers comm) as well as 
to a rich Medieval landscape. The pollen analysis for Smearsett Tarn indicates 
an arboreal sequence for most of the pollen core. From the core base to the 
radiocarbon date 9183±37 BP (10432 - 10244 cal. BP), Betula dominates 
almost exclusively with small contributions from Pinus, Quercus, Ulmus and 
occasional values of Salix and Corylus. This concurs with the assertion of 
Bartley et al. (1993 p.618), that in the early part of the Flandrian (Holocene), 
most of lowland Craven seems to have been covered by Betula woodland. The 
overall arboreal canopy at Smearsett Tarn must, however, have allowed 
temporary openings to occur allowing the establishment of varying amounts of 
Poaceae likewise, although the Boreal period is one of dryness in which lakes 
tended to dry out (Godwin 1975 p.53), there must have been ponding or 
standing water particularly around 10432 - 10244 cal. BP to allow Potomageton 
and Typha to establish. The Betula, Pinus, Ulmus, Corylus and Pinus curves at 
Smearsett Tarn are reminiscent of the pollen sequence at zones II, III and IV at 
Malham Tarn (Piggott and Piggott 1963) although Quercus and Ulmus values 
make a brief earlier appearance at Smearsett Tarn and Pinus levels at 
Smearsett are not as pronounced in the lower part of the sequence as the 
Malham Tarn assemblage. The small peaks of the thermophilous species 
Quercus, Ulmus and Corylus in the basal pollen assemblage of ST-1 seem to 
be early pioneers into Early Holocene pollen assemblage. However, Bartley et 
al. (1993) found scattered grains of these species in an assemblage dated to 
9430±100 BP (10402-11102 cal. BP) and suggests that the climate in England 
was warm enough to support thermophilous trees from as early as 9800 BP. 
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The occurrence of Betula nana at the base of the core may tentatively place this 
part of the pollen sequence at the end of the Younger Dryas cold stage, GS-1 of 
the GICC05 ice core chronology (Rasmussen et al. 2006). 
Between the radiocarbon dates 91837±37 BP and 6266±44BP (10432 -
10244 and 7274 - 7151 cal. BP), Betula values, although still by far the most 
significant, diminish slightly allowing Quercus, Ulmus and Pinus to become 
more established. Again there must have been ponds or standing water to allow 
Typha, Potamogeton and later Stratiotes to flourish.  
At Smearsett Tarn between the radiocarbon dates 6266±44 BP and 
6100±40 BP (7274 - 7151 and 7000 - 6790 cal. BP), Betula amounts are still the 
main feature of the pollen assemblage although the values start to diminish 
towards the top of this time period. Pinus values also fall while amounts of 
Quercus, Ulmus and Corylus increase. Alnus values start to increase rapidly 
from the bottom of this time period and Taxus makes make a brief appearance 
with this increase in Alnus. The occurrence of Taxus concurrent with the 
increase in Alnus was also found by Piggott and Piggott (1963) in their Malham 
tarn pollen assemblage. The expansion in Alnus occurs at the sudden transition 
between the Boreal and Atlantic periods and marks the change to locally wetter 
areas at around 7000 BP (Godwin 1975 p. 53), although Bartley et al. (1991 
p.625) date the increase of alder to 7590±70 BP (8455 - 8171 cal. BP) at White 
Moss indicating that Alnus had been present in Britain for a long time before its 
main expansion (Bartley et al. 1991). Wetland plants also takes advantage of 
the move to the wetter conditions of the Atlantic period and Cyperaceae 
expands to take benefit of a brief regression of Betula amounts. 
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From the radiocarbon date 6100±40 BP (7000 - 6790cal. BP) just before the 
start of pollen assemblage ST-6 to the SCP of 1850, a major ecological change 
takes place. Just after the radiocarbon date of 7000 - 6790 cal. BP there are 
substantial falls in the values of Alnus and Betula.  Although Ulmus amounts 
remain fairly stable at the start of ST-6, values begin to fall possibly marking the 
elm decline at ca. 5000 BP. The overall climate appears to become 
progressively wetter with increasing in Poaceae values and a dramatic rise in 
Cyperaceae amounts possibly marking an increase in the water table. 
From the SCP date of 1850 to the top of the sequence, the water table 
appears to fall slightly as Cyperaceae amounts decrease. There is also an 
increase in Ericaceae marking a possible move towards a heathland 
environment. There again appears to be a hiatus in the sedimentary sequence 
with only 45 cm of core sample between  the radiocarbon date of 6100±40 BP 
(7000 - 6790 cal. BP) and the core top.  
7.6 Synthesis 
The cores presented in this thesis characterise dynamic Late Glacial and 
Early Holocene environments in the south-west Yorkshire Dales. The basal 
samples all contain varying amounts of Betula and Pinus as well as Poaceae, 
Cyperaceae and Salix. Betula nana along with Juniperus was found in the basal 
sample at Smearsett Tarn while at Attermire Mire, Thwaite Tarn and Rough 
Haw, the Betula- Juniperus combination occurred in the first pollen assemblage 
indicating that the base of each core probably contained material derived from, 
or just after, a cold stage environment following de-glaciation now thought, by 
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Telfer et al. (2009), to start around 16.5±1.7 ka BP (15371 - 23916 cal. BP) in 
the Dales. 
A radiocarbon date of 9921±60 BP (11610 – 11519 cal. BP) at Attermire 
Mire represents beginning of the Holocene and indicates an early arboreal 
colonisation of the south-west Dales agreeing with Bartley et al. (1991 p. 618 )’s  
assertion that most of lowland Craven appears to have been covered by Betula 
woodland in the early part of the Flandrian. The core at Thwaite Tarn, however, 
may possibly date to Greenland Interstadial GI1-e which is dated to ~ 14,692 
b2k (before 2000 AD) (Rasmussen et al. 2007).  
Quercus is in evidence early in the Yorkshire Dales appearing before 
11610-11519 cal. BP at Attermire Mire whilst at Smearsett Tarn and Thwaite 
Tarn Quercus appears at around 10000 BP as do Ulmus and Corylus. Piggott 
and Piggott (1963) found the first grains of Ulmus towards the top of pollen zone 
V and Quercus at the beginning of pollen zone VI a  –  both in the Boreal period 
while Corylus was found at Malham Tarn near the start of zone II while Bartley 
at al. (1991) found Ulmus and Quercus in sediment dated to 10402 - 11102 cal. 
BP in pollen zone TH3 at Threshfield Moss.        
Pollen amounts of various taxa in this thesis differ from site to site with the 
only representations of any real Alnus increases are at Rough Haw, where the 
increase starts mid-way through pollen zone RH-1 and Smearsett Tarn where 
alder increases after 7151 - 7274 cal. BP. The Corylus expansion which 
characterises the Boreal Period (Godwin 1975 p.459) is absent from the pollen 
assemblage at Attermire Mire. However, at Thwaite Tarn it first occurs near the 
top of zone TT-5 where the main curve of Corylus beginning about 9533 - 9678 
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cal. BP, is extremely reminiscent of the Corylus curve from Moss lake, Liverpool 
where it is in evidence over pollen zones V and VI (Godwin 1975 p.458). At 
Rough Haw, the Corylus curve begins near the base of RH-1 and continues to 
just beyond 5382 - 5290 cal. BP at the top of RH-3 while at Smearsett Tarn 
Corylus presents two jagged major curves with the first curve running from the 
middle of pollen zone ST-1 to the middle of pollen assemblage ST-3 and the 
second curve staring near the top of ST-4 and continuing to the top of the core. 
The Ulmus decline marking the boundary between the Atlantic and Sub-Boreal 
periods is also missing from the core sequence at Attermire Mire. However, it is 
present at Thwaite Tarn in TT-8 and can be seen at Rough Haw in zone RH-3 
just beyond a radiocarbon date 5382 - 5290 cal. BP. The Ulmus decline is also 
present at Smearsett Tarn in Zone ST-6 while in the pollen assemblage AM-9 
Attermire Mire and again in pollen zone TT-8 at Thwaite Tarn, just after the 
radiocarbon date 4972 - 4847 cal. BP, it may be possible to determine the Pinus 
decline (Blackford et al. 1992).  
The radiocarbon date of 5586 -  5332 cal. BP at Attermire Mire may broadly 
mark the boundary between the Mesolithic and the Neolithic periods and raises 
the possibility that the decline in Pinus values and the increase in Lactuceae 
amounts may be caused by woodland clearance by Neolithic people possibly 
for grazing purposes. The radiocarbon dates of 5380-5290 cal. BP at Rough 
Haw and 4972 - 4847 cal. BP at Thwaite Tarn, place these parts of the pollen 
diagrams around the transition of the late Neolithic/early Bronze Age and again 
the declines in arboreal pollen may be due to woodland clearance for grazing 
purposes with clearance at Thwaite Tarn flowed by increases in Lactuceae 
while at Rough Haw Ericaceae and Plantago media/major take advantage of 
the arboreal decline. 
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Pollen analysis was carried out at two separate sites in Northumberland, the 
first by Dark (2005) at Crag Lough and the second by Yeloff et al. (2007) at 
Butterburn Flow. Both sites show phases of woodland clearance dating to the 
late Neolithic/early Bronze Age and both sites were densely wooded at the 
beginning of the Neolithic period.  
Dark (2005) noticed two stages of woodland clearance. The first and most 
significant clearance phase began at ca. 2600 cal. BC (4804 - 4761 cal. BP) in 
the late Neolithic/early Bronze Age followed by a second clearance phase at ca. 
200 BC (2355 - 2285 cal. BP) while Yeloff (2007) found three late Neolithic/early 
Bronze Age woodland phases occurred at Butterburn Flow with the first phase 
beginning ca. 2200 cal. BC (5305 - 5034 cal. BP). Although Crag Lough 
sequence in late Neolithic was densely wooded with minimal archaeological 
evidence for human activity, the micro-charcoal record however, suggests a 
significant human presence while the palynological record indicates declines in 
Quercus and Corylus.  
Any direct evidence for people in the study region during the last few 
millennia of the Pleistocene is sparse with only four caves in the Craven area 
producing Late-glacial artefacts. However, the micro-charcoal records in the 
pollen diagrams discussed in this thesis may suggest continuing human activity 
in the Craven area especially the record for Attermire Mire which may suggest 
almost cyclical burning and regeneration from at least the early Mesolithic and 
possibly into the late latter part of the Upper Palaeolithic as cut-marks on wild 
horse bones found in Victoria Cave about 1.5 km further along the limestone 
scarp from Attermire Mire were dated to 12325 ± 5014C yr BP (14630 - 14038 
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cal. BP) while a biserially barbed antler harpoon has been dated to 10930 ±  45 
14 C (12941 - 12832 cal. BP Lord et al. (2007). 
Lord et al. (2007), also identified cases of cave exploration during the 
Holocene involving the opening of caves for cultic activity. The first case is 
connected with the deposition of human remains Sewell’s Cave and Kinsey 
Cave while the second case occurred soon after the Roman conquest of the 
north of England is evidenced at Sewell’s Cave, Kinsey Cave and Attermire 
Cave where the metalwork of a native chariot and a wrought iron Roman 
hanging lamp stand were found (King 1974), also, Victoria Cave where Lord et 
al. (2007) claim that Romano-British cult activity impacted on and even 
intentionally modified the Late glacial record. 
A report commissioned for English Heritage (HEEP) funded threat - led 
fieldwork by Taylor (2011) at Kinsey Cave, found that the earliest archaeological 
associations at the cave are late glacial with brown bear present by about 
12,500 cal BC representing the earliest AMS dated evidence for large mammal 
colonisation of northern England in the late glacial while a reindeer antler tang 
found inside the cave is directly AMS dated to 11465±75 BP (13469 - 13155 
cal. BP). Five chipped stone tools typologically appear to date from the same 
time (Taylor 2011). Human bone discovered in the cave triggered the threat-led 
field work of September 2005. This excavation demonstrated the presence of 
early Neolithic facies that were reworked in the early Bronze Age. The fieldwork 
at Kinsey Cave instigated new research questions aligned to the processes by 
which early Neolithic people arrived and further remains became deposited in 
the cave. In particular, the survival of a tooth which might well shed light on 
processes of migration, especially as this bone has now been dated to 3960 -
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3790 cal BC is one of the very earliest Neolithic bones in the entire north of 
England (Taylor et al. 2011). Substantial Romano-British material found in the 
cave indicate potential reworking phases and thus indicating continual human 
occupation of the Craven area from the Upper Palaeolithic until the modern era. 
The latest radiocarbon date for the Smearsett Tarn pollen diagram is 7000- 
6790 cal. BP and therefore in the Mesolithic period. However, the Ulmus decline 
of ca 5500 BP may be discerned in pollen assemblage ST-6 marking the 
beginning of the Neolithic period (Godwin 1975). The caves in the 
Carboniferous limestone of the Craven area have the greatest number of lynx 
records in Britain with excavations at Kinsey Cave yielding lynx mandible and 
post-cranial limb bones radiocarbon dated from AD425 to AD 600 and thus 
representing the youngest date yet for lynx (Lynx lynx) in Britain (Hetherington 
et al. 2006). The pollen record from Smearsett Tarn following the elm decline 
suggests a fairly strong arboreal mix with fairly substantial coverage of Alnus 
and Quercus along with Corylus. This woodland environment may have 
provided a core habitat from the end of the Mesolithic for lynx as well as brown 
bear (Ursus arctos) of which remains were found in nearby Kinsey Cave (see 
above) ca. 2 km from Smearsett Tarn (Hetherington et al. 2006).     
The pollen assemblages at all the sites indicate open environments after the 
SCP date of 1850 AD with Poaceae, usually accompanied by grazing indicators 
such as Plantago, Rumex, Ranunculus and Lactuceae as the main feature, at 
Attermire Mire, Thwaite Tarn and Rough Haw with Cyperaceae playing a 
prominent but subsidiary role at Attermire Mire and Thwaite Tarn while at 
Rough Haw Cyperaceae amounts are greatly reduced from pre - 1850 values. 
At Smearsett Tarn the roles are reversed with Cyperaceae as the main taxa and  
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Poaceae as a sub-dominant species. Pinus values also increase post 1850 and 
dominate values at the top of Rough Haw probably because of a near-by 
forestry plantation while at Thwaite Tarn and Attermire Mire, Pinus levels are 
more subdued possibly because there are no plantations in the vicinity.     
Correlation between cores proved difficult as the pollen diagrams, 
radiocarbon dates and the age-depth models suggest the occurrence of a 
series of hiatuses in the diagrams. The possible causes of these Hiatuses are:  
(1)  Errors while coring and sampling. This is unlikely as extreme care was 
taken during core preparation for sub-sampling. 
 (2)  Human impacts on the landscape; e.g. de-forestation allowing erosion 
of the peat surface, drainage of mires, peat cutting or peat bog fires 
which may destroy part of the accumulated peat after which the peat 
continues to accumulate (Blaauw and Christen 2005; 2011).   
 (3)  Breaching of internal peat thresholds; e.g. bog bursts (Blaauw and 
Christen 2005; 2011), or the peat-lands stopped growing possibly by 
drying out through the climate changing. There is also the possibility 
that the peat-lands just stopped growing due to some internal threshold 
being breached (Turner and Kershaw 1973). 
(4)  Other natural phenomena. Lightening strikes occurring after a dry 
period in spring or autumn might kill trees especially in woodland 
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containing pine and hazel (Brown 1997), as well as igniting combustible 
material such as dry grass, brambles etc on forest floor while any 
resulting fire might be confined in one area and kill at most saplings with 
no widespread crown fire Simmons (2001 pp 40 - 41) although this 
scenario is unlikely for this thesis as only micro-charcoal less than c. 
fifty microns was found at all sites. Wind-throw is another possible 
cause of the hiatuses (Brown 1997), as wind storms have, if 
accompanied by intense rainfall, the potential to wreak extreme havoc 
possibly leading to erosion or land slides (Simmons 2001). 
Bartley et al. (1993 p. 630) observed hiatuses in some of his pollen 
diagrams and suggests the cause may be extremely slow peat accumulation 
while Oybak (1993) found that after hiatuses in peat growth, there were falls in 
values of tree pollen and increases in non-arboreal pollen with peaks in sedge, 
grass and ericaceous pollen and Sphagnum spores which might correspond to 
a period of forest clearance and the culmination of a more open landscape. 
Hiatuses appear to occur at all the sites studied for this thesis between c. 
5,500 and 4,000 BP with the pollen rain broadly agreeing with the findings of 
Oybak (1993) of increases in non-arboreal pollen and decreases in tree species 
although in the pollen diagram for Smearsett Tarn arboreal species appear to 
be more abundant. 
 Although there are no visible signs recent of peat cutting, the possibility of 
this method of obtaining fuel in medieval times has to be taken into 
consideration particularly in respect of the fairly recent hiatuses at Rough Haw 
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and especially Smearsett Tarn where there is the possibility of medieval iron 
smelting activities (Tim Taylor personal communication 2008).   
Some type of wind-throw may possibly have occurred at Smearsett Tarn 
and Attermire Mire as both profiles contain a proportion of wood peat in their 
stratigraphy as well as Vascular Arbuscular Mycorrhizai among the Non-pollen 
Palynomorphs.  
7.7   Problems encountered with site selection 
As stated in the methodology (Chapter 3) and in the introductions to specific 
section above, sites were selected by their proximity to known or suspected 
archaeological features or were identified as drained mires or tarns near to 
archaeological sites. Care had to be taken however, that sites, once identified 
had not been “improved”. One site in particular at Giggleswick golf course 
seemed to be ideally situated for the purpose of palaeoenvironmental analysis. 
This was because the golf course is itself on the site of Giggleswick Mill pond 
and this, prior to the medieval period, seems to have been a natural tarn at the 
base of the Giggleswick scar complex where caves such as Kinsey, Cave Ha, 
Lesser and Greater Kelco, and Sewells, have produced complex multiperiod 
assemblages with especially important Neolithic human assemblages and 
Roman/Romano-British cult deposits. However, when coring was initiated, the 
samples consisted of layers of clay interspaced with peats. Further investigation 
indicated that the site the land modelling associated with the medieval mill pond 
along with seasonal flooding had intermixed deposits to the extent that most if 
not all coherence was lost. The golf course made this situation even worse as 
care also had to be taken that any coring was not done in the near vicinity of 
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any drainage ditches as the peats displayed could have been transposed by the 
drainage processes. In the event, the samples from the Giggleswick site were 
deemed too contaminated and mixed to be worth any palynological analysis. 
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8. Conclusions 
8.1 Introduction  
This thesis has developed new palaeoecological records for the late 
Quaternary vegetation history of four sites in the south-west Yorkshire Dales. 
The sites discussed in this thesis are orientated on an east - west transect 
along the south Craven fault line  and stretch from the Flasby Fell (about 5km 
west of Skipton) to Thwaite Tarn (about 5km east of Ingleborough) in order to 
provide a text of uniformity/variability within a localised area (the southwestern 
Yorkshire Dales). This was to investigate whether the typical palynological 
practice, often accepted by archaeologists, of extrapolating vegetational and 
environmental records from a single, palynologically ‘rich’ sample location over 
a broader adjacent area can be justified. The expectation for the analysis, 
based on an archaeologically - informed reading of the landscape over time, 
was that even closely adjacent sites might produce markedly different types of 
sequence, corresponding to a higher level of anthropogenic impact in the region 
than commonly envisaged. 
Chronological control was provided by a series of radiocarbon dates as well 
as an age - equivalent isochrone of ca. 1850 provided by the appearance of 
Spheroidal Carbonaceous Particles in the sediments. The key findings of the 
research are described below. 
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8.2 Attermire Mire 
The samples at the base of this core may record the start of the Allerød or 
Windermere interstadial while the radiocarbon date of 11610-11519 cal. BP 
indicates the beginning of the Holocene and indicates early arboreal 
colonisation of the south-west Yorkshire Dales with Betula, Quercus, Pinus, 
Crataegus and Ulmus in the pollen suite. There is the possibility of hiatuses 
between 9676 - 9533 to 5586 - 5332 cal. BP and 5586 - 5332cal. BP to AD 
1850. Corylus levels along with Alnus and Ulmus are poorly represented at this 
site although the Pinus decline at ca. 4500 BP may be indicated by the sudden 
decline in Pinus values, although there is also the possibility that the fall in 
Pinus pollen and the increase in Lactuceae amounts may be caused by 
woodland clearances in the Neolithic Period possibly for grazing purposes.  
8.3 Thwaite Tarn 
There is the possibility that the peaks and troughs in Betula values before 
9434 - 9422 cal. BP may indicate pollen response to cooling events in found in 
the Greenland ice core Oxygen isotope record for Greenland Interstadial 1. as 
well as the Pre-boreal Oscillation and the Holocene 9.3 ka BPEvent. Possible 
hiatuses occur between 9434 - 9122 and the transition of the late Neolithic/early 
Bronze Age 4972 - 4847 cal. BP and 4972 - 4847 to 1407 - 1353 cal. BP. Alnus 
values are poorly represented although the Ulmus decline and possibly the 
Pinus decline may be discerned. Again, there is the possibility of Neolithic 
woodland clearance for grazing purposes. 
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8.4 Rough Haw 
Pollen analysis at Rough Haw shows a move from woodland via heathland 
to open grassland. The Alnus advance is well represented at this site as is the 
Ulmus decline. A major hiatus occurs between 5382 - 5280 to 479 - 314 cal. 
BP. However, there is a strong possibility that the post  5382 - 5280 to 479 - 
314 cal. BP (1636 - 1471 AD) Rough Haw pollen assemblage is a 
comprehensive record of the latest Holocene vegetation changes for the area 
and shows a high - resolution four hundred year vegetation history detailing 
changes from heathland to grassland. 
8.5 Smearsett Tarn 
Palynology at Smearsett Tarn shows a Betula-dominated arboreal 
sequence possibly stretching from the end of the Younger Dryas (~ Greenland 
Stadial 1.) to ca. 5,000 ka. The Alnus advance is well represented as is the 
Ulmus decline with the woodland providing a possible habitat from the end of 
the Mesolithic for lynx as well as brown bear (Ursus arctos) whose remains 
were found in nearby Kinsey Cave (Hetherington et al. 2006). There is a hiatus 
between 7000 - 6790 cal. BP and ca. AD 1850.   
The sites discussed in this thesis have varied vegetation histories from the 
Late Glacial period to the present day. All at some time have been influenced by 
changes in their arboreal structure whether it is cycles of birch and pine like 
Thwaite Tarn and to an extent Attermire Mire, fairly constant mixed woodland 
like Smearsett Tarn, or successions of pine, alder and birch with oak and willow 
(Rough Haw). There is also the possibility of humans impacting on the 
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vegetation at different times. As previously indicated, there is archaeological 
evidence from caves of human occupation of the Craven area from the late 
Upper Palaeolithic onwards. However, no two sites have the same broad 
vegetation mix until around 5000 BP when the tree canopy (possibly as a result 
of human interference in the full establishment of an open farming landscape, 
under development throughout the previous millennium since the inception of 
the Neolithic economy), is opened to allow an open grassland to dominate.    
8.6 Limitations and Further Work 
This thesis documents vegetation changes during the Late Quaternary and 
Holocene periods in the south-west Yorkshire Dales and allowed a number of 
conclusions to be drawn (see above). However, the research was constrained 
by a number of factors. The original hypothesis for this body of work was that 
evidence of early human activity from the Upper Palaeolithic to the Neolithic and 
their possible impacts on the environment might possibly be determined from a 
palaeoenvironmental analysis of lacustrine and mire sediments. The samples 
would be obtained from suitable locations near to existing or suspected sites of 
early human occupation. No positive correlations were highlighted in this thesis. 
However, a number of anomalies have been identified which it is felt would 
warrant further investigation. All the sites studied indicated hiatuses at different 
stages, depths and chronologies in the sediments cored. A suite of new 
radiocarbon dates to compliment the existing dates could constrain these 
hiatuses and help to determine whether the various hiatuses were part of 
natural phenomena or a result of early human environmental impact.  
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The lower part of the pollen sequence at Thwaite Tarn show oscillations in 
the vegetation sequence. These swings appear to imitate the centennial long 
cold fluctuations occurring in the Windermere Interstadial /Greenland 
Interstadial 1 highlighted in the GRIP ice cores. A close chronological control on 
these samples would (a) help to determine whether the vegetational cyclicity 
indicated in the pollen assemblage was synonymous with the temperature 
fluctuations found in the ice cores and (b) indicate the speed with which trees 
responds to severe temperature.  
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Figure 5.7 Rough Haw Core Transect 
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